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COMPOUNDS  CONTAINING  24  AT.  CARBON. 
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Pelletier  &  Walter.    N,  Ann,  Chim,  Phys.  9,  917;  J^pr,  Chem,  81^ 

114. 
6b.  Wiluams.     Chem.  Ooz.  1856,  405 ;  J.  pr,  Chem,  67,  248 ;  Lieb, 

Kopp's  Jakreaber.  1855,  683. 

Voger»  Volatile  Amber-ruin. — DiscoTered  by  Yogel  in  1805.  A  yellow^  mealy 
powder,  which  Kidd  {PMl.  Trans.  1821,  212  and  219)  obsenred  among  the  prodocts  of 
the  distillation  of  coal,  is  perhaps  the  same  compound.  (Mansfield,  Chem,  Soe.  Qh.  J.t 
i.  248.)  The  substance  observed  by  Drapiei  in  erode  oil  of  amber  (ziy.  325),  and  a 
yeHow  product  obtained  by  Bussy  k  Lecann  (/.  Pharm,  11,  362)  in  the  dry  distillation 
of  fat,  towards  the  end  of  the  operation,  appear  also  to  consist  of  impure  chrjsene. 

Formation  and  Preparation.  1,  In  the  dry  distillation  of  amber, 
when,  towards  the  end  of  the  operation,  the  acid  and  all  the  oil  have 
passed  over,  and  the  charred  residue  is  strongly  heated,  yellow 
vapours  pass  over  and  condense  in  the  neck  of  the  retort.  (Robiquet 
&  Colin;  Pelletier  &  Walter.)  2.  When  the  tar  obtained  in  the 
preparation  of  illuminating  gas  from  oils  and  fats  is  subjected  to  dry 
distillation,  liquid  products  pass  over  at  first ;  afterwards,  when  f  of 
the  tar  have  distilled  over,  and  the  heat  is  veiy  much  increased,  a 
thick  oil  is  obtained,  the  last  portions  of  which,  if  collected  in  a  sepa- 
rate receiver,  deposit  a  small  quantity  of  chrysene,  while  pyrene 
remains  in  solution.  The  remainder  of  the  chrysene  condenses  in  the 
neck  of  the  retort.  (Laurent.) — 3.  In  the  distillation  of  coal- tar, 
chrysene  passes  over  at  a  much  higher  temperature  than  the  dead  oil. 
(WiUiams.) 

Purification.  Vogel  purified  the  sublimate  obtained  by  method  1 
from  adhering  oil,  by  dissolving  it  three  times  in  alcohol,  and  leaving 
the  solution  to  cooL    Bobiquet  &  Colin  boil  it  for  some  time  with 
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2  PRIMARY  NUCLEUS  CMH». 

water,  till  the  oil  is  volatilized ;  then  melt  it,  and  exhaust  the  lamino* 
granular  solid  mass  with  ether,  which  leaves  the  chrysene  undissolved. 
The  waxy  product  is  resolved  by  treatment  with  ether,  and  then  by 
repeated  boiling  with  a  small  quantity  of  absolute  alcohol,  into  yellow 
chrysene,  which  partly  remains  undissolved,  partly  crystallises  out 
from  the  ether  and  alcohol — and  succisterene,  which  is  of  paler  colour, 
and  ultimately  turns  white.  (Pelletier  &  Walter.)  —  The  soft,  red 
sublimate  in  the  neck  of  the  retort  is  detached  by  scraping  and  rinsing 
with  a  little  ether,  then  triturated  and  repeatedly  boiled  with  ether, 
which  acquires  a  red  colour  by  taking  up  pyrene  and  the  thi<^  oil, 
whilst  chrysene  remains  in  the  form  of  a  red  powder.  (Laurent.) — 
Williams  frees  the  portion  of  the  sublimate  insoluble  in  ether,  from 
adhering  brown  oil,  by  prolonged  treatment  with  ether,  and  purifies 
it  by  re-crystalUsation  from  boiling  coal-tar  oil. 

Properties.  Shining  yellow  laminaB,  resembling  uranium-mica. 
(Robiquet  &  CoUn  ;  Williams.) — Crystalline  powder  of  a  fine  yellow 
colour,  without  any  tinge  of  red  or  green.  (Laurent.) — Soft  to  the 
touch ;  does  not  aahere  to  the  tongue  so  strongly  as  wax.  (Vogel.) 
—Melts  between  80°  and  100°  Q^ogel);  between  230°  and  235^ 
(Laurent) ;  at  240°  (Pelletier  &  Walter) ;  and  sohdifies  to  a  deep 
yellow  laminar  mass  on  cooling.  (Laurent.)— Volatilises  completely 
at  high  temperatures  (Yo^l) ;  with  partial  decomposition,  leaving  a 
small  quantity  of  charcoal.  (Robiquet  &  Colm,  and  others.)  — 
Inodorous  and  tasteless. 

Lfturent.  PeUetier  WiUiami. 

m€a$i,  &  Walter.  at  100''. 

24  C 144    ....    94-73    9327    9310    94-63 

8  H    8    ....      5-27     5-86    6-84    5-37 

C»*H« 152    ....100-00    98-63    98-94    10000 

Decompositions.  1.  Chiysene  bums  in  the  air  at  its  boiling  point, 
forming  carbonic  acid  and  water  (Vogel) ;  on  red-hot  coals  it  bums  away 
without  emitting  any  peculiar  odour.  (Laurent.) — 2.  With  cold  oil 
of  vitriol,  it  turns  red-brown  with  a  few  violet  spots  ;  with  hot  oil  of 
vitriol,  it  assumes  a  fine  dark  green  colour.  (Laurent.V-It  is  only 
inferior  chrysene  that  is  coloured  by  cold  ou  of  vitnol  the  pure 
substance  dissolves,  with  dark  greenish  blue  colour,  only  in  hot  oil  of 
vitriol.  (Pelletier  &  Walter.)  —  3.  With  bromine,  chrysene  evolves 
hydrobromic  acid,  and  forms  a  brown  substance,  which  decomposes  by 
distillation.  (Laurent.) — L  Nitric  acid  attacks  it  at  a  gentle  heat, 
with  evolution  of  red  vapOurs,  and,  after  prolonged  boifing,  converts 
it  into  binitrochrysene,  whilst  a  yellow  powder,  precipitable  by  water, 

remains  in  solution.     (Laurent.)----yogeI  and  others  obtained  a  retin  b j  treating 

cbrjsene  with  nitric  add — 5.  Chiysene  dissolves  in  alcohol  containing 
potash,  and  separates  therefrom  as  a  resin.  (Vogel.) — It  is  not 
attacked  by  boiling  with  ammonia  or  potash-ley,  but  colours  the  latter 
yellowish.     (Robiquet  &  CoUn.) 

Chrysene  is  insoluble  in  water,  also  in  alcohol.  (Robiquet  &  Colin, 
and  others.^ — ^When  impure  and  contaminated  with  oil,  it  dissolves 
in  boiling  alcohol.  In  ether  it  is  but  very  sparingly  soluble ;  accord- 
ing to  V  ogel,  it  requires  for  solution,  32  pts.  of  cold  and  almost  as 
much  of  boiling  ether, —  Soluble  in  chloroform.    (Cloez,  N.  J,  Fharm. 


PYRROL-RED. 


14,  382.) ;  in  boiling  oil  of  turpentine^  rather  more  freely  than  in 
ether  (Laurent) ;  easily  in  oil  of  lavender  ;  scarcely  in  cold,  easily  in  hot 
oil  of  amber  (Vogel)^  soluble  in  boiling  coal-tar  naphtha.     (Williams.) 


Nitro-nucleus  C**X'B[*. 

Binitrochrysene. 

Laubemt.    Ann,  Chim,  Phys.  66,  140,  and  72,  426. 

1.  Chrysene  (p.  1)  is  boiled  for  a  while  with  nitric  acid,  whereupon 
a  red  powder  separates ;  the  nitric  acid  is  then  decanted,  and  the  red 
powder  is  boiled  with  alcohol  and  dried.  The  alcohol  and  the  nitric 
acid  retain  in  solution  a  yellow  body  precipitable  by  water. — 2,  When 
chrysene  is  boiled  for  a  very  long  time  with  a  lai-ge  excess  of  nitric 
acid,  part  of  it  dissolves,  and  water  then  separates  beautiful  orange- 
coloured  flocks,  which  must  be  washed  and  dried. 

The  product  obtained  by  method  1  is  a  red  powder,  like  mercuric 
oxide ;  the  second  method  yields  an  oran^-coloured  powder.  (Lau- 
rent.)—Pure  yellow,  and  shining ;  highly  electrical.  (Williams,  Chem. 
Gaz,  1855,  405.) 

LftuieDt. 


24  C 

2  N 

.....  144 

....     59-50 
....     11-56 
....       2-48 
....     26-46 

earlier, 

68-29 

11-66 

27-78 

later, 

....    56-82 
....     11-80 

6  H 

6 

..-      2-33 

8  O 

■  ••a.            04 

....    2905 

C>*X«H«.. 

242 

....  100-00 

100-00 

....  100-00 

Laurent  regarded  the  products  obtained  by  the  two  methods  as  different. 

Nitrochrysene,  heated  in  a  glass  tube,  melts,  sweUs  up,  and  takes 
fire  with  detonation  and  brown  smoke.  It  detonates  on  glowing 
coals. — It  dissolves  in  cold  oil  of  vitriol^  with  brown-yellow  colour. 
Dissolves  partially  in  alcohoUc  potash^  and  is  precipitated  therefrom  in 
brown  flakes  by  acids.  It  is  not  converted  into  a  base  by  sulphide  oj 
potoMmm,    (Williams.) 

Insoluble  in  uxxter^  scarcely  soluble  in  alcohol  or  ether. 


Primary  Nucleus  C«*H» ;  Amidogen-^nucleus  C'^Ad'IF*. 

Pyrrol-red. 

(?*N«BP*0*  =  (?*Ad«H«,0». 

BuKGB.    Poggy  81,  67. 

Andersok.    Edinb.  PhU,  Trans,  21,  4,  571 ;  Ann,  Pharm.  105,   349 ; 
Chem.  Centr.  1858,  417 1  Kopp's  Jahresber.  1857,  898. 
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4  PRIMARY  NUCLEUS  C»«HW :  AMIDOGEN-NUCLEUS  C«A^PH»». 

ScHWAiTERT.      ffahtUtotumschrifty  fiber    Zerseteungen   der  SchUmsaure^ 
Greifswald,  1860:  abstr.  Ann,  Fkarm.  116,  279, 

First  obsenred  by  Runge;  investigated  by  Anderson. 

Formation.  1.  Pyrrol  is  resolved  by  heat,  or  by  several  days* 
contact  with  excess  of  acid,  into  pyrrol-red  and  ammonia.  (Anderson.) 

3C»NH6  +  2H0  =  C^N'HMO*  +  NH». 

2.  Carbopyrrolic  acid,  or  carbopyrrolate  of  baryta,  is  resolved,  by 
heating  to  60°,  or  above,  with  adds,  into  carbonic  add  and  pyrrol, 
which  latter  is  then  decomposed  as  in  1.    (Schwanert.) 

3CMH«N0*  +  2HO  =  C»*N2H"0»  +  NH»  +  6C0«. 

Schwanert  obtained  from  carbopyrrolate  of  baryta  22*05  p.  c 
carbonic  add,  2*1  nitrogen,  as  ammonia  (calculation,  22*3  CO*,  2*5  N), 
but  only  22-4  p.  c.  pyrrol-red  (calc.  37-9  p.  c),  perhaps  because  the 
latter  is  not  always  obtained  of  constant  composition. 

Preparation.  Pyrrol  is  dissdved,  with  brisk  agitation,  in  oil  of 
vitriol  diluted  with  4—6  pts.  water ;  the  liquid  is  heated  with  continued 
agitation  till  red  flocks  separate,  then  filtered,  and  immediately  washed 
with  boiling  water,  till  nearly  all  the  add  is  removed;  afterwards 
with  a  smaS  quantity  of  dilute  potash-solution.    (Anderson.) 

Properties.  Light  orange-red  powder,  which  turns  brownish  when 
heated.  Light  or  dark  brown  powder,  destitute  of  taste  and  odour. 
(Schwanert.) 

Anderson. 
CaleuJaHonf  according  to  Anderson.        mean;  in  vacuo. 

24  C 144  71*28  71-98 

2N 28  13-86  13-59 

14  H 14  6-93  6-88 

2  0 16  7-93  7-55 

C«NSH"02  202    10000    10000 

Schwanert  fonnd  in  pyrrol-red  from  carbopyrrolic  acid,  59*24  C,  5*94  H,  and  62*4  C, 
4*7  H,  and  ir39N,  after  drying  at  110%  perhaps  because  partial  decomposition  had 
taken  place.     (See  below). 

Decompositions.  After  prolonged  heating  to  1 00 ° ,  it  increases  in  weight 
from  slow  oxidation. — 2.  Yields,  by  dry  distillation,  a  stinking  oil  con- 
taining pyrrol,  and  leaves  charcoal — 3.  Heated  in  contact  with  the 
air,  it  takes  fire  and  bums  away. — 4.  It  is  decomposed  by  prolonged 
boiling  with  cunds  or  alkalis^  acids  converting  it  into  a  dark  red  sub- 
stance which  contains  74  p.  c.  charcoal.  (Anderson.)  —  5.  By  nitric  acid 
it  is  resinised,  and  afterwards  converted  into  oxaUc  acid.  (Anderson.) 
Fuming  nitric  acid  dissolves  iU    (Schwanert.) 

Water  neither  dissolves  nor  acts  on  it.  It  does  not  dissolve  in 
aqueous  acids  or  alkalis. 

Sparingly  soluble  in  cold,  more  soluble  in  hot  alcohol;  sparingly  in 
ether.    (Anderson,  Schwanert.) 
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PYRROL. 


Appendix  to  Vol.  z.,  p.  16. 

Pyrrol. 

BuNOE.    Po^ig.  81,  67. 

A2a>ERSON.     Ann.  Pharm.  80,  63  ;  i^.  PhU.  Mag.  J.  2.  457 ;  Edinb.  PhU. 

Trans.  20,  2,  247 ;   J.  pr.  Chem.  54,  36 ;   N.  Ann.  Chim.  Phys.  84. 

^h2.—EdM.  PhiL  Trans.  21,  4,  571 ;  Ann.  Pharm.  105,  349 ;  Chem. 

Centr.  1858,  417  ;  Kopp*s  Jahresber.  1857,  398. 
ScHWANSBT.      HabHitcUianscfyrift    uber    Zersetzungen    der    Schleimsdure. 

Orelfswald,  1860 ;  abstr.  Ann.  Pharm.  116,  279. 


J?oM^.-»Diaoovered  by  Ranfe  in  1834,  but  fint  prepared  pore  and  in?ett]gated  by 
Andenon. 

Formatum.  1.  Carbopyrrolic  add  is  resolved  by  heat  into  pyrrol 
and  carbonic  add.    (Schwanert.) 

C«»NH»0<  =  C8NH»  +  2C0«. 

2.    By  the  diy  distiUation  of  mucate  of  ammonia.    (Schwanert) 

C»H»CNH<)*Oi«  -  C»NH»  +  4CO«  +  NH»  +  8HO. 

8.  In  the  dry  distillation  of  coal  and  of  various  animal  matters,  passing 
over,  with  many  other  bodies,  into  coal-tar  oil,  the  wash-water  of 
the  iUmninating 
distilled />€r 
other  bases 

sulphide  of  c^bon,  and  carbonate  of  ammonia.  (Williams,  Chem.  Gaz.y 
1858,  809 ;  Ann.  Pharm.  109,  127.) — i.  By  the  diy  distillation  of  many 
organic  bases.  It  is  found  among  the  products  of  distillation  of  auinine 
and  cinchonine  (xiii.  244)  and  of  pelosene,  together  with  methylamine 
and  ethylamine.  (Williams,  Chem.  Gaz.  1858,  321 ;  RSp.  Chim.  pure.  1, 
118.)    r^rrol  is  contained  in  the  so-called  oil  of  tobacco.    (Runge.) 

Preparation.  1.  From  Mucate  of  ammonia.  When  dry  pulverised 
mucate  of  ammonia  is  subjected  to  dry  distillation,  crystals  of  carbonate 
of  ammonia  are  obtained,  together  with  an  aqueous  solution  of  carbo- 
OTTTolamide  ( «bipyromncamide,  z.  405,)  and  a  brown  oil  floating  thereon. 
The  latter  is  washed  with  water,  dehydrated  with  lumps  of  potash, 
distilled,  and  rectified  after  standing  over  chloride  of  calcium.  The 
greater  the  quantity  of  mucate  of  ammonia  heated  at  once,  the  larger 
18  the  proportion  of  pyrrol  obtained.  Carbopyrrolic  acid  does  not  yield 
pure  pyrrol  so  easily,  because  it  sublimes  at  the  same  time.   (Schwanert.) 

2.  From  Bone-oit.  Large  quantities  of  crude  bone-oil  are  subjected 
to  fractional  distiUation ;  the  water  which  passes  over  with  the  first 
portions  is  removed;  the  more  volatile  half  of  the  oily  distillate  is 
mixed  with  dilute  sulphuric  acid  and  set  aside  for  several  days ;  and 
the  strongly  add  liquid  separated  from  the  undissolved  oil  is  kept 
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boiling  in  a  still  as  long  as  a  colourless  stinking  oil  passes  over,  which 
soon  becomes  reddish,  and  afterwards  nearly  mack,  on  exposure  to  the 
air.  The  oil,  freed  from  water,  is  resolved  by  repeated  fractional  distil- 
lation into  several  parts.  The  portion  which  distils  over  between  132®  and 
143*'  is  repeatedly  shaken  up  with  a  small  quantity  of  very  dilute  sulphu- 
ric acid,  to  remove  admixed picoline;  the  solutions  are  separated;  and  the 
remaining  oU,  amounting  to  about  4  of  the  original  quantity,  is  dehydrated 
with  lumps  of  potash,  and  rectifiea,  the  last  portion  of  the  distillate  being 
each  time  removed,  tiU  (after  about  16  distillations)  nearly  the  whole 
passes  over  between  134*5°  and  138**.  The  pyrrol  thus  obtained  is 
still  contaminated  with  a  small  quantity  of  a  substance  producing  formic 
and  propionic  acids,  from  which  it  may  be  freed  by  boilmg  with  hydrate 
of  potash.  Anderson  therefore  mixes  it  with  6  or  6  parts  of  potash- 
hydrate  in  coarse  lumps,  and  heats  it  in  a  copper  flask  fitted  with  a  long 
upright  condensing  tube,  till,  as  the  temperature  gradually  rises,  only 
a  small  quantity  of  liquid  evaporates,  then  replaces  the  vertical  by  a 
condensing  tube  bent  downwards,  and  distils  off  all  that  is  volatile  at 
a  red  heat.  On  pouring  water  upon  the  fused  yellowish  white  residue, 
pyrrol  separates  in  the  form  of  an  oil,  which  is  obtained  pure  by  recti- 
fication.   (Anderson.) 

Properties.  Transparent,  colourless  oil,  of  sp.  gr.  1*077,  and  boiling 
point  133"".  It  has  an  agreeable  ethereal  odour,  resembling  that  of 
chloroform,  and  a  pungent  taste.  (Anderson,  Schwanert.)  Pyrrol 
prepared  by  method  2,  and  not  treated  with  hydrate  of  potash,  has  an 
unpleasant  odour.  (Anderson.)  Vapour-density  =  2*40 ;  before  treat- 
ment with  potash-hydrate,  it  is  2*50.  (Anderson.)  The  vapour  of 
pyrrol  colours  fir- wood,  moistened  with  hydrochloric  acid,  deep  purple- 
red  (Runge);  pale  red  at  first,  then  deep  carmine-red.  (Aiiderson.) 
This  test  will  indicate  the  presence  of  an  extremely  small  quantity  of 
pyrrol.    (Runge,  compare  Fo^g.  32,  822.) 

Anderson.  Schwanert. 

a.  {mean)  b,  a,  b, 

8C 48    ....    71-64    71-59    ....    71-54    ....    7167    ....    71-29 

N 14    ....    20-90    ....  ....     19-80    .... 

5H 5    ....      7-46    7-87    ....      7*77    ....      7-63    ...       7-59 

'  — ■ —  ■■.-■■ 

CSNH»....    67    ....  10000    ....  ....    99-10    .... 

a.  Having  an  offensive  odour;  not  treated  with  hydrate  of  potash.  (Anderson).-— 
a.  Obtained  from  pure  mncate  of  ammonia ;  b,  from  carbopyrrolic  add.    (Schwanert) 

Decompositions,  Pyrrol  gradually  turns  brown  when  exposed  to  the 
(wr. — When  heated  with  excess  of  adds^  it  is  resolved  into  anmionia 
and  pyrrol-red.    (Anderson.) 

3C«NH*  +  2HO  -  C^NSH^K)*  +  NH«. 

By  continued  boiling,  the  liquid  is  decolorised,  and  the  pyrrol-red  is 
further  altered.  (Anderson).— Fyrrol  is  rapidly  dissolved  by  nitric  acid^ 
giving  off  red  vapours,  and  forming  a  dark  red  liauid,  and  by  longer 
boiling  is  converted  into  oxalic  acid.  Water  addea  to  the  red  solution 
throws  down  a  resin.  (Anderson).  Aqueous  pyrrol  is  coloured  deep 
red  by  nitric  acid.  (Runge.)  The  aqueous  solution  of  hydrochlorate  of 
pyrrol  is  decomposed  by  bichromate  of  potash^  with  formation  of  a  blade 
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precipitate :  with  Hsqukhloride  of  ircn^  it  acquires  a  green  and  after- 
wards a  black  colour ;  and,  when  heated  with  su^hate  of  copper^  forms 
a  green  solution,  and  deposits  a  small  quantity  of  black  powder. — 
From  bichloride  of  platinum^  cold  hydrochlorate  of  pyrrol  throws  down 
first  a  yellow  and  after  a  few  minutes  a  black  platiniferous  precipitate. 
(Anderson.) 

Pyrrol  is  nearly  insoluble  m  xoater.  It  dissolves  slowly  in  aqueous 
acid8<t  but  is  insoluble  in  alkctiis. 

Chloride  of  Cadmium  with  Pyrrol, — On  mixing  the  alcoholic  solutions 
of  pyrrol  and  chloride  of  cadmium,  a  white  crystalline  powder  is  formed, 
insoluble  in  water,  easily  soluble  in  hydrochloric  add,  and  easily  decom- 
posed by  heating  with  water  and  alcohol.    (Anderson.) 

Anderson. 
16  C 960    ....    23-50    2325 

2  N 280      ...      6-85 

10  H 10-0    ....      2-44     2-19 

3  CdCl   274-5     ....     67-21 

2C»NH*,3CdCl 408-5    ....  10000 

Mercuric  Chloride  with  Pyrrol, — Separates  on  mixing  the  alcoholic 
solutions  of  pyrrol  and  mercuric  chloride,  as  a  white,  somewhat 
crystalline  powder,  easily  altered  by  excess  of  mercuric  chloride. — It  is 
insoluble  in  water,  sparingly  soluble  in  cold,  more  easily  in  boiling 
alcohol,  in  the  latter,  however,  with  partial  decomposition. 


8  C 

In 

vacuo, 

14     .... 

5     .... 

142     .... 

400     .... 

7-88     .. 

2-31 

0-82     .. 
28*31 
65-68     .. 

Abdenon. 
mean. 

N 

5  H 

!•••■••*•••• 

......      0-81 

4  CI 

66-89 

CNH«4Hi 

:C1 

609    .... 

10000 

Pyrrol  dissolves  easily  in  alcohol  and  ether. 

Primary  Nucleus  C^W^ ;  Oxygen-nucleua  (?^R^^. 

Fiperic  Acid. 

VoK  Babo  &  Keixeb.     Dissertation  von  C,  KeUer^  Freiburg,  1856,  16 ; 

Freiburg  naturw,  BerichtSy  1856 ;  J,  pr,  Chem,  72,   53 ;  abstr.  Chem. 

Centr.  1858,  241 ;  Chem.  Gaz,  1858,  7  ;  Kopp's  Jahresber,  1857,  413. 
Ad.  Stbecker.     Ann,  L*harm,  105,  317 ;  J,  pr,  Chem,  74,  191 ;  Kopp^s 

Jahresber.  1857,  U6.—Arm,  Pharm,  118,280;  N.  Ann,  Chim,  Phys. 

68,  233. 
G.  C.  Foster.     Chem.  Soc,  J.  15,  17. 

PiperieyKc  Acid  (Weltzien). 

Fomuxtum.     Piperine  boiled  with  alcoholic  potash  is  resolved  into 
piperic  add  and  piperidine.    (v.  Babo  &  Keller.) 

C»«H"NO«  +  2H0  -  C»*H»0«  +  C>«NH»  (Strecker). 


8  PRIMARY  NUCLEUS  C«*HW :  OXTGEN-NUCLEUS  C»«H«>04. 

Preparation,  1  part  of  piperine  is  boiled  with  3  pts.  of  potash-hydrate, 
and  ife  to  20  pts.  absolute  alcohol ;  the  liquid  which  distils  over  being 
continually  poured  back  and  the  process  continued  for  twelve  hours,  or 
till  a  sample  of  the  mixture  taken  out  of  the  retort  is  no  longer  pre- 
cipitated by  water  (Von  Babo  &  Keller) ;  or,  better,  equal  weights 
of  piperine  and  potash-hydrate,  with  as  much  strong  alcohol  as  is 
required  to  dissolve  both,  are  heated  for  4  or  5  hours  to  100°  in  a 
closed  vessel.  (Foster.)  The  crystalline  plates,  which  are  thereby  pro- 
duced in  abundance,  are  separated  from  the  brown  mother-Uquor, 
purified  by  repeated  crystallisation  from  a  small  quantity  of  boiling  water, 
with  help  of  animal  charcoal,  then  dissolved  in  water,  and  decomposed 
by  dilute  hydrochloric  acid ;  and  the  acid,  which  separates  as  a  jelly,  is 
collected,  washed,  and  purified  by  repeated  crystallisation  from  alcohoL 
Another  method  is,  to  neutralise  the  aqueous  solution  of  the  impure 
potash-salt  with  acetic  acid,  mix  it  with  a  small  quantity  of  solution 
of  acetate  of  lead,  separate  the  lead  dissolved  in  the  filtered  liquid  by 
sulphuretted  hydrogen,  filter  again,  and  evaporate  to  the  crystallising 
point  (v.  Babo  &  Keller). 

Properties.  Yellowish  capillary  needles ;  in  the  moist  state,  sulphur- 
yellow  jelly  which  shrinks  on  drying.  Melts  at  150*",  sublimes  ait  about 
200°,  partly  unaltered,  emitting  an  odour  of  coumarin,  and  leaving  a 
brown  fused  residue.    Keaction  scarcely  acid.  (v.  Babo  &  KeUer.) 

Strecker. 
at  100^  ▼.  Babo  &  Keller.  mean.  Foster. 

24  C   144  ....    66*06  ....     66*08     to    6688  ....     65*90  ....    65*83  ....    6601 

10  H  10  ....       4*59  ....       4*80     ....       614  ....       4*66  ....       4*92  ....      4*94 

8  O  64  ....     29*35  ....     29*12     ....     27*98  ....     29*45  ....     29*25  ....     29*06 

C«HW08....  218  ....  100*00  ....  10000    ....  100*00  ....  100*00  ....  100*00  ....  lOO'OO 

Thig  it  the  formula  proposed  bj  Strecker ;  y.  Babo  &  Keller  give  the  fimnolB 
CMHaO"  and  C»H«OW 

Decompositions,  1.  For  the  decomposition  by  dry  distillation,  see  above.  — 
2.  Bums  when  heated  in  contact  with  the  air,  emitting  an  odour  of  anise, 
and  leaving  a  difficultly  combustible  charcoal. — 3.  Nascent  hydrogen 
(sodium-amalgam)  converts  it  into  hydro-piperic  acid  (p.  11.)  (Poster.) 
— 4.  OH  of  vitriol  colours  it  blood-red,  and  then  chars  it.— 5.  When 
treated  with  iodine^  bromine^  or  chlorine^  it  forms  substitution-products. 
— 6.  Concentrated  hydnodic  acid  acts  upoa  it,  even  below  100°,  pro- 
ducing carbonic  acid,  and  a  black,  uncrystallisable,  humus-like  sub- 
stance. (Foster.) — 7.  In  contact  with  pentachloride  of  phosphorus^  it 
acquires  a  vermillion-red  colour,  and  deliquesces  after  a  few  days, 
forming  oxychloride  of  phosphorus,  and  yielding  vermillion-coloured 
crystals.  If  the  product  (the  crystals,  Kr.)  obtained  by  the  action  of 
pentachloride  of  phosphorus  on  piperic  acid  is  mixed  with  piperidine,  a 
substance  is  formed  which  is  insoluble  in  water  and  potash-ley,  but 
soluble  in  strong  hydrochloric  acid,  alcohol,  and  ether. — 8.  Nitric  acidj 
even  when  dilute,  converts  piperic  acid  into  an  orange-coloured  nitro- 
compound, which,  when  heated  with  potash-lnrdrate,  gives  off  an 
odour  of  coumarin.  (v.  Babo  &  Keller.) — %  9.  riperic  add  added  to 
fused  potash-hydrate  containing  a  little  water  in  excess,  is  at  first  dis^ 
solved ;  immediately  afterwards  the  mixture  turns  brown,  and  hydrogen 
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is  evolved,  bo  that  the  continued  addition  of  piperic  acid  canses  it  to 
froth  over  if  not  constantly  stirred.  When  the  evolution  of  gas  is  no 
longer  perceptible,  the  mass  contains  protocatechuate,  acetate,  oxalate, 
and  carbonate  of  potash,  with  a  relatively  small  q^uantity  of  a  humus- 
lil^e  body,  probably  a  product  of  the  decomposition  of  protocatediuic 
acid.    The  reaction  which  takes  place  is  probably : — 

C»«HMO«  +  16H0  =  C"H»0»  +  C<H<0*  +  C^H'Qs  +  C«0«  +  H".    (Strecker.) 

Frotocatechnic  add  is  apparently  identical  with  the  acid  of  the  tame  oompodtion 
produced  by  the  action  of  hydriodic  add  on  hemipinic  add  (liT.  431)  1[. 

Combinations,  Piperic  acid  is  nearly  insoluble  in  toater.  (v.  Babo  & 
Keller.^  It  unites  with  salifiable  bases,  forming  the  pipercUea,  which 
accordmg  to  Strecker,  are  composed  of  C**H*MO',  but  according 
to  V.  Babo  &  Keller,  are  bimetallic  salts,  containing  C*H"M"0",  or 
C«*H»M»0". 

Pq>erate  of  Ammonia. — Piperic  add  is  added  to  hot  concentrated 
ammonia,  as  long  as  it  continues  to  dissolve ;  the  filtrate  is  left  to  cool, 
and  the  resulting  crystals  are  dried,  first  over  a  mixture  of  lime  and  sal- 
ammoniac,  then  over  oil  of  vitriol.— Colourless  scales,  with  satiny  lustre, 
resembling  cholesterin.  When  exposed  in  the  moist  state  to  the  air, 
it  gives  OT  ammonia,  and  turns  yellow.  Between  100°  and  150**,  it 
gives  ofT  ammonia,  without  further  alteration  and  without  loss  of 
water;  and  between  180°  and  200°,  it  decomposes,  emitting  an  odour 
of  anise,  (v.  Babo  &  Keller.) 

at  fiO"*  in  vacuo.  ▼.  Baho  &  Keller. 

24  C 144     ....    61-28  6177 

N    14     ....      5-95  6-73 

13  H    13    ....      5-53  6-17 

8  0    64     ....    27-24  26-33 


C»«H»(NH*)0» 235    ....  10000    10000 

Piperate  of  Potash. — Obtained  as  aheady  described  (p.  S\  or  by 
dissolving  the  acid  in  potash-ley.  Yellowish-white,  silky  lammsB,  pro- 
bably belonging  to  the  right  prismatic  system.  When  heated,  it 
glows  and  emits  an  odour  of  anise,  and  when  subjected  to  dry  distilla- 
tion, yields  a  small  quantity  of  tar,  containing  carbolic  acid,  and  leaves 
a  mixture  of  charcoal  and  carbonate  of  potash.  It  dissolves  sparingly 
in  cold,  easilv  in  boihng  water,  sparingly  in  alcohol,  and  is  nearly 
insoluble  in  ether,  (v.  Babo  &  Keller.) 

T.  Babo  &  Keller.  Foster. 

mean.  (at  100*). 

24  C 1440  ....  56-21  ....  5573  55*92 

9  H 90  ....  3-51  ....  3-63  3-52 

7  0 56-0  ....  21-86  ....  2275  22-26 

KO 47-2  ....  18-42  ....  1789  1830     ....     1817 

C?*H9K0» 256-2    ....  10000    ....  10000    10000    .... 

Piperate  of  Soda. — Precipitated  on  dissolving  the  acid  in  hot  soda- 
ley,  and  cooling,  as  a  white  crystalline  powder  sparingly  soluble  in  cold, 
easily  in  hot  water,  and  precipitated  from  the  aqueous  solution  by  aloohoU 
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A  concentnted  aolutioii  of  chloride  of  potaanum^  containinf  mtSj  t  per  oeat.  of  chloride 
of  lodiom,  ttill  yidda  a  precipitate  of  thia  aalt,  when  treated  with  piperate  of  potaah. 
(y.  Babo  &  KeUec) 

Piperate  of  Baryta. — Obtained  as  a  loosely  coherent,  white  pre- 
cipitate, by  treating  the  aqueons  solution  oi  the  potash-salt  with 
chloride  of  barium.  Microscopic  needles,  requiring  about  5000  pts. 
of  water  to  dissolve  them,  and  undergoing  partial  decomposition  at 
the  same  time  (v.  BalK>  &  Keller) ;  more  soluble  in  hot  water.  (Foster.) 

r.  Babo  &  Keller.  Foster. 

ai  100^  mean.  (at  100^). 

24  C 144  ....  50-43  ....  61*05 

9  H 9  ....  3-15  ....  3-78 

7  0 56  ....  19-63  ....  18-86 

BaO 76-6  ....  2679  ....  2682    ....    26-77    26-67 

C^H'BaO' 285-6    ....  100-00    ....  lOOOO 

The  salt  is  completely  decomposed  by  a  stream  of  carbonic  add 
passed  through  its  boiling  aqueous  solution.  (Foster.) 

P^ate  of  Strontia.  —  White  precipitate,  obtamed  by  adding  a 
strontia  salt  to  the  aqueous  potash-salt  (▼.  Babo  &  Keller). 

Piperate  of  Lime. — Aqueous  piperate  of  potash  added  to  a  solution 
of  chloride  of  calcium,  throws  down  slender  needles,  somewhat  more 
soluble  in  water  than  the  baryta-salt.  It  contains  50*07  to  52*62  pet 
cent.  C,  3*96  to  4-10  H,  and  12*03  lime.  (v.  Babo  &  Keller.) 

Piperate  of  Magneda. — Moderately  dilute  solutions  of  piperate  of 
potash  and  hydrochlorate  of  magnesia  deposit  this  salt,  after  a  few 
days,  in  lon^  slender  needles,  (v.  Babo  &  Keller.) 

From  sfuts  of  alumina^  piperate  of  potash  tiirows  down  a  white 
precipitate. 

P^ate  of  Manganese.  —  Small,  yellowish  lamin»,  having  a  silky 
lustre,    (v.  Babo  &  Keller.) 

Piperate  of  Zinc.  —  Yellowish  white,  curdy  precipitate,  obtained 
hj  precipitating  chloride  of  zinc  with  the  potasn-salt.  (v.  Babo  &, 
JLeiler.) 

P^erate  of  Cadmium  is  a  white  powder.  The  lead-salt  is  a  yellowish 
precipitate,  which  dissolves  slightly  when  heated,  and  separates  as  a 
white  crystalline  powder  on  cooling.  — Ferrous  piperate  is  yellowish 
white,  insoluble,  easily  oxidisable.  —  P^[>erate  of  cobalt  is  rose-coloured ; 
piperate  of  nickel  light  green,  insoluble,    (v.  Babo  &  Keller.) 

Piperate  of  Copper  is  precipitated  by  the  potash-salt  from  sul- 
phate of  copper,  moreabundantiy  on  addition  of  ammonia,  in  slender  sky- 
blue  needles.  Contains  49*67  0,  3*63  H,  15.36  0,  and  31*29  p.c.CuO. 
(v.  Babo  &  Keller.) 

Mercurous  Piperate.-^ White  precipitate,  reduced  by  ammonia, 
(v.  Babo  &  Keller.) 

Mercuric  Piperate.  —  Yellowish  white  precipitate,  from  which  potash- 
ley  separates  mercuric  oxide,    (v.  Babo  &  Keller.) 
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PrperaU  of  Silver. — Obtamed  aB  a  colourless,  scarcely  crystalline 
powder,  by  precipitating  nitrate  of  silver  with  the  aqueous  potash-salt. 
Insoluble  in  water  and  alcohol,  (v.  Babo  &  Keller.)  Does  not 
diminish  in  weight  at  100°.    (Strecker.) 

v.  Babo  &  KeUer.    Strecker. 
mean.  mean, 

.  44-31  ....  43-42  44*36 

.  2-76  ....  301  2-85 

.  19-69  ....  20-52  19-65 

.  33-24  ....  33-05  33-15 


24  C  

9  H  

at  100«. 
144 

Q 

8  O  

64 

108 

C»*AgH»08.. 

325 

10000     ...  10000 10000 


When  terchloride  of  gold  is  mixed  with  piperate  of  potash,  a  yel- 
lowish white  precipitate  is  obtained,  which  soon  yields  metallic  gold, 
(v.  Babo  &  Keller.) 

Piperate  ofPiperidme.  —  (p.  14.) 

Piperic  add  dissolves  in  270  pts.  of  absolute  alcohol,  easily  in  the 
same  liquid  at  the  boiling  heat.  It  dissolves  but  sparingly  in  ethery 
either  hot  or  cold,  scarcely  at  all  in  sulphide  of  carbon  or  rock-oil ;  some* 
what  more  easily  in  benzene,    (v.  Babo  &  Keller.) 


Appendix!  to  Piperic  acid, 

f  Hydropiperic  Acid* 

G.  0.  Foster  (1862).     Chem.  Soc.  J,  16, 19 ;  abstr.  Zeitechr.  Ch.  Phamn. 
5,  9 ;  and  Private  communication. 

Formation  and  Preparation.  An  aqueous  solution  of  piperate  of 
potash  is  treated  with  sodium-amalgam,  at  a  gentle  heat ;  after  the 
action  has  been  continued  for  some  hours,  the  addition  of  hydrochloric 
acid  precipitates  hydropiperic  acid  in  oily  drops,  which  gradually 
solidify  on  standing.  It  may  be  purified  by  crystallisation  from  a  large 
quantity  of  boiling  water,  or  by  solution  in  alcohol  and  treatment  with 
animal  charcoal. 

Properties,  Colourless ;  tasteless  at  first,  after  a  time  somewhat 
burning.  As  deposited  from  boiling  water,  it  forms  long,  exceedingly 
thin,  silky  needles ;  by  the  spontaneous  evaporation  of  its  ethereal 
solution,  it  may  be  obtained  in  tolerably  large,  hard  crystals,  apparently 
monoclinic  (oblique  prismatic),  and  mostly  hemilxopic.  Melts  at 
63°  or  64° ;  soUdihes  at  about  56° ;  not  volatile  without  decomposition* 

Votter. 

24  C  144  ....  65-46  ....  65-24  ....  65-44  ....  65-31 

12  H  -  12  ....   5-45  ....   6-65  ....   5-67  ....   6-60 

8  O  64  ....  2909  ....  29-11  ....  28-89  ....  29*09 


C"H"0> .....  220  ....  100-00  ....  100-00  ....  100-00  ,-.  100*00 
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DeconqwsiHons.  1 .  When  heated  somewhat  above  its  melting  point,  it 
gives  off  choking  white  fumes,  which,  when  diluted  with  much  air,  smell 
like  oil  of  anise,  and  leaves  a  small,  easily  combustible,  carbonaceous 
residue.— 2.  Strong  hfdriodic  add  decomposes  it,  below  100%  into  car- 
bonic acid  and  a  black  humus-like  body,  which  g^ves  a  black  solution  wil^ 
alkalis. — 8.  Fuming  nitric  acid  colours  it  blood-red ;  ordinary  nitric  addj 
diluted  with  its  own  bulk  of  water,  acts  violently  upon  it  if  gently 
heated,  giving  a  solution  from  which  water  precipitates  a  semi-fluid 
nitro-acid.— 4.  Oil  of  vitriol  colours  it  blood-red. — 5.  Fused  with  excess 
of  hydraied  alkali^  it  evolves  much  ^s,  and  the  brown  fused  mass 
exhibits  the  reactions  of  the  acid  C"H*0",  obtained  by  the  action  of 
hydriodic  acid  on  hemipinic  add  (xiy.  431 ;  see  also  DecomporiHim$  of  piverie 
acid,  XT.  8)  —  6.  With  chloride  of  acetyl  at  150°,  it  yields  hydrochloric 
add  and  a  neutral  oil,  insoluble  in  water  and  dilute  alkalis. 

Combvnatione.  With  water,  Hydropiperic  add  is  very  slightly 
soluble  in  cold  water,  somewhat  more  so  m  hot  water ;  the  hot  satu- 
rated solution  reacts  strongly  acid ;  on  cooling,  it  deposits  the  add  in 
oily  drops,  as  long  as  its  temperature  is  above  the  melting  point  of  the 
latter ;  the  rest  separates  in  long,  thin  crystals  (vid.  sup.). 

With  salifiable  bases,  it  forms  hyd-opwerates,  scuts  containing 
(?*H"MO«. 

Hydropiperale  of  Ammonia  crystaUises  from  hot  water  in  small 
shining  scales. 

Foiter* 

C^H»0» 220    ....    92-83    ....     9285     ....    93-01 

NH» 17    ....      7-17    ....      6-55     ....       716 

C«NH"08    237    ....  100-00    ....    99*40    ....  10017 

Easily  soluble  in  hot  water^  considerably  less  soluble  in  cold. 
A  strong  aqueous  solution  can  dissolve  more  hydrop^eric  acid^  form- 
ing a  solution  from  which  water  predpitates  the  excess  of  add,  and 
which  gives,  if  saturated,  an  almost  solid  mass  of  hydropiperate  of 
ammonia,  on  the  addition  of  strong  aqueous  ammonia. 

Hydropiperate  of  Potash  with  excess  of  acid.  —  Obtained  by  boiling  a 
solution  of  hydropiperic  acid  in  nearly  absolute  alcohol,  with  dry  car- 
bonate of  potash.  Crystallises  on  cooling  in  iiemispheric^  masses  of 
radiating  needles. 


48  0  

9fift 

....    60*25    .. 

....       4*8X     .. 

8-16    .. 
....    26-78    .. 

Fofter. 
(at  100«.) 
......    59*38 

na    TT 

23 

......      5*11 

K 

16  0  

39 

128 

......         o*0«f 

26*92 

C«H»KO» 

.......•.•a*      4/0 

....  100-00    ,. 

100-00 

Decomposed  into  neutral  hydropiperate  of  potash  and  hydropi- 
peric acid,  completely  by  solution  in  water,  partially  by  solution  in 
alcohol. 

Hydropiperate  of  Baryta. — Crystallises  from  boiling  water  in  small 
bunches  of  needle-shaped  crystals.  The  formula  C^fi^^BaO*  requires 
23*8  p.  c.  barium;  Foster  found  23*2  p.  c 
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ByJrop^perate  of  Lime.  —  Prepared  by  boiling  the  add  with  milk  of 
lime,  filtering  hot,  and  separating  the  excess  of  lime  by  carbonic  add ; 
or  by  predpitating  a  rather  strong  solution  of  the  ammonia-salt  with 
chloride  of  calcium.  Purified  by  crystallisation  from  a  mixture  of 
2  parts  water  and  1  pt.  alcohol.  Small  needle-shaped  crystals.  Slightly 
«muble  in  cold  water,  more  soluble  in  hot  water,  but  partiidly  decom- 
posed by  it.  The  crystals  contain  water,  which  they  lose  at  100°. 
The  formula  {?*ff*CaO*  requires  8'87  p.  c.  calcium ;  Foster  found  8*S6 
and  8*30  p.  c. 

Hydrvpiperate  of  Silver. — Ciystalline  predpitate,!almost  insoluble  in 
cold  water ;  easily  altered  by  exposure  to  light,  or  by  solution  in  hot 
water.  The  formula  (?*H"AgO  requires  33"03  p.  c.  silver ;  Foster 
found  83*58  p.  c. 

The  hydropiperates  of  the  other  heavy  metallic  oxides  are  mostly 
precipitates  insoluble  in  cold  water. 

Hydropiperic  add  dissolves  in  all  proportions  in  akoholy  and  is  very 
soluble  in  etkar* 


Hydropiperate  of  Ethyl. 
C»H»«0*  =  C*H"0,(?*ff  W. 

Formation  amd  Preparation^  By  heating  a  solution  of  hydropiperic 
add  in  absolute  alcohol  saturated  with  hydrochloric  add  for  4  or  5 
hours  to  130^  in  a  sealed  tube.  Purified  by  solution  in  ether  and  treat- 
ment with  animal  charcoaL  Brownish  yellow,  neutral  liquid; 
heavier  than,  and  insoluble  in,  water.  Not  altered  bj^  d^ute  aqueous 
potash  or  ammonia.  Decomposed  by  gaseous  ammoma,  probably  with 
formation  of  hydrop^amide.    (Foster!)      f . 


Appendix  to  Vol.  x.,  p.  446. 

Fiperidine. 

C»NH»»  =  C~NH*,H». 

"Wektheim.    Ann.  Pharm.  70,  68. 

Akdebson.     Ann.  Pharm.  76,  82 ;  Compt  rend.  81,  126 ;  Ann.  Pharm. 

84,  345 ;  Compt.  rend.  34,  664 ;  Lieb.  Kopp's  Jahresber.  1852,  545. 
Cahoubs.     Compt.  rend.  34, 481 ;  Inetit  1852,  98  ;  J.  pr.  Chem.  56,  203 ; 

Ann.  Pharm.  84,  342;  Chem.  Gaz.  1852,   167.      In  full:  A^.  Ann. 

Chm.  Ph^s.  38,  76;  abstr.  Lieb.  Kopp's  Jahresber.  1852,  546. 
Von  Babo  &  Keller.    J.  pr.  Chem.  72,  53 ;  abstr.  Chem.  Centr.  1868, 

241 ;  Chem.  Gaz.  1858,  7  ;  Kopp's  Jahresber.  1857,  418. 

The  production  of  a  volatile  base  by  heating  piperine  with  soda- 
lime  was  first  noticed  by  Wertheim  and  feocUeder,  who  at  first  mistook 
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it  for  anline  (Ann.  Pharm.  64,  255) ;  afterwards  for  i)icolme  (tWtf.  70, 
58). — Anderson  and  Cahours  obtained  the  same  base  independently  of 
each  other,  and  recog^sed  its  separate  identity :  its  chemical  relations 
were  investigated  chiefly  by  Cahours. 

The  greater  part  of  the  results  obtained  by  Anderson  and  Cahours 
have  already  been  detailed  (x.  446).     We  here  give  the  remainder, . 
together  with  those  of  Wertheim  and  of  v.  Babo  &  Keller. 

According  to  Wertheim's  latest  statements  (Gerh.  TraUey  4,  98),  the 
volatile  base  obtained  by  heating  piperine  with  potash-lime  is 
C^NH",  inasmuch  as  he  found  in  its  platinum-salt,  23-1 1—23-86  C, 
4-71 -4-54  H  and  82-49  Pt  (calc.  C"NH",HCl,PtCl»=23-56  C,  4-58  H, 
and  32-41  Pt.) 

Formation  and  Prepar<xUon.  Piperine  is  decomposed,  as  directed  at 
page  8,  by  boiling  with  alcoholic  potash,  into  piperidine  and  piperate 
of  potash,  and  the  mother-liquor  separated  from  the  crystals  of  that 
salt  is  distilled  into  a  receiver  containing  hydrochloric  acid,  whereby 
hydrochlorate  of  piperidine  is  obtained,    fv.  Babo  &  Keller.) 

Piperidine  forms  with  chlorine  or  bromine,  an  oily  product,  not  pos- 
sessing basic  properties.      (For  the  other  reactions,  see  x,  447.) 

Chloro-aurate  of  Piperidine. — Hydrochlorate  of  piperidine  forms,  with 
terchloride  of  gold,  small  needles  of  a  fine  yellow  <x)lour.    (Cahours.) 

P^Mridme  with  Protockloride  of  Platinum. — Protochloride  of  ^tinum 
acts  violently  on  piperidine,  forming  the  compound  C*"Nff*,PtOL 
The  solution  of  this  salt  in  a  large  quantity  of  boiling  water,  deposits, 
on  evaporation,  the  piperidine-compound  corresponding  to  Magnus's 
green  ammonio-protochloride  of  platinum.  (Williams,  Ch$m,  Oag. 
1858,  346 ;  J.  pr  Chem.  76,  251.) 

CMoroplatinate  of  Piperidine.  —  (C^^ifB}\B.G\,PtG\\  according  to 
Cahours  (x,  449) ;  C»»NH»  HCl,  PtCl»,  according  to  Wertheim  (p.  14). 
This  last  formula  is  very  doubtful 

Piperate  of  P^eridine. — Obtained  by  dissolving  pperic  acid  in 
aqueous  piperidine,  as  a  crystalline  pulp,  and  on  dilution,  in  colourless 
laminee,  having  a  silky  lustre.  In  contact  with  the  air  or  with  oil  of 
vitriol,  it  turns  yellow  from  loss  of  piperidine.  Melts  at  100®  without 
further  alteration,  and  when  strongly  heated,  gives  off  piperidine  and 
decomposes.  When  heated  for  some  time  to  150°,  it  becomes  partially 
insoluble  in  water,  but  if  then  dissolved  in  an  alkali,  vields  unaltered 
piperic  acid  when  decomposed  by  acids.  With  pentacnloride  of  phos- 
phorus, it  behaves  like  piperic  acid.  Contains  26*75  per  cent,  piperi- 
dine. (v.  Babo  &  Keller.)    Calc.  28-05  per  cent. 

Dried  over  oii  qf  vitriol.  v.  Babo  &  Keller. 

34  C 204     ....    67-32    6611 

N 14     ....       4-62     

21  H 21     ....      6-93    7-29 

8  0 64     ..»    21-13    

CMH»08,C»NH» 303    ....  100-00    

It  had  lost  a  portion  of  its  piperidine.    (y.  Babo  &  Kell^.) 

Piperidine  coagulates  while  of  egg  after  a  quarter  of  an  hour. 
(Wertheim.) 
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Conjugated  Compounds  of  Piperidine, 

Piperidine  with  Sulphide  of  Carbon  C«N«H«S*. 

Pipiryl.^u\foearhonai€  de pipiridine.     (Gerhardi;,  TWu/^  4,  105.)    Sulfbearbon^U 
P^l^yferyUSuifbiamhudure.    (Weluien  Syti,  23.) 

This  compound,  discovered  by  Cahours  (z.  448),  is  obtained  by 
carefully  dropping  sulphide  of  carbon  into  piperidine,  and  crystallising 
the  product  from  alcohol.  It  forms  slender  needles  belonging  to  the 
oblique  prismatic  system.  (Fig.  100.)  Rhombic  prism  ti,  having  the 
oblique  terminal  face  t,  resting  on  its  obtuse  lateral  edge.  The  obtuse 
edges  formed  by  i  and  u  are  truncated  by  the  octaJiedral  faces  a ; 
u  :  u  in  front  =  116°  4;  on  the  side  =  63""  56;  iiu  above  a  =  96'' 52^ ; 
a  :  u  =  141*^  6';  a  :  t  =  185°  46,  calculated.  (De  S^narmont,  N.iinn* 
Chim.  Phys.  34,  89.) 


Gerhardt  aisigned  to  it  the  fomrala — 

N.H.CMH'. 
C 


\o|imj  >  S'  »  piperylysnlphocarbonate  of  piperylammoniam* 


Piperidine-nrea. 

C»N«ff  K)'  =  C»^yAdH»,HH)». 
Cahours.  N,  Ann.  Chim,  Phys.  38,  84. 

PiperyUmrHij  Ur^e  pipSridigue, 


Formation.  1.  From  cyanic  acid  vapour  and  piperidine. — 2.  From 
dissolved  sulphate  of  piperidine  and  cyanate  of  potash. — 3.  From 
moist  chloride  of  cyanogen  and  piperidine. 

Preparation.    A  mixture  of  the  solutions  of  sulphate  of  piperidine 

and  cyanate  of  potash,  in  equivalent  proportions,  is  boiled  down  to 

.  dryness,  and  the  residue  is  exhausted  witn  strong  alcohol.  The  alcoholic 

solution  left  to  evaporate  freely,  yields  crystals  of  the  compound  urea. 


Properties.    Long  white  needles. 


12  C. 

2N 

12  H. 

2  0. 


Cahoan. 

72  ....  56-25  ... 

56*32 

Zo  ...«  *l*o/   ... 

2205 

i«  *•..   y  •)/  ..< 

9-41 

16  ....  12-51  ... 

12  22 

C«N«H»K)*  128    ....  100-00    100-00 

Hay  be  regarded  as  carbamide  in  which  1  At.  H  ia  replaced  by  piperyl,- 

Soluble  in  teater  and  in  akohoU 
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Hethyl-piperidine-urea. 

C"N»BPK)»  =  C"»(C«H»)CyAdff ,H«0». 

Cahoubs.  N.  Ann.  Chim.  Phys.  88,  85. 
Meih^fl-piperyhwrea,    MethylurU  pip6ridiqu€, 

Tiperidine  becomes  intensely  hot  when  vapour  of  cyanate  of  methyl 
is  passed  into  it,  and  solidifies  on  cooling.  The  mass  is  purified  by 
pressure  and  reciystallisation  from  boiling  alcohoL 

Long  needles  having  a  strong  lustre. 

Futed,  Cahonrt. 

14  C 84     ....  59-15  58-91 

2N 28    ....  19-71  19-52 

14  H 14     ....  9-86  10-04 

2  0 16     ....  11-28  11-53 

C>WH"0*  142     ....  100-00     100-00 

Carbamide  in  which  1  At  H  is  replaced  by  methyl  and  another  by  piperyl,— 

mH«.C>H».CWH».(CK)«)". 

Dissolves  easily  in  boiling  alcohoL 


Ethyl-piperidine-nrea. 

C"N«H»W  =  C»%C*H»)CyAdff,H«0«. 

Cahoubs.    N.  Ann,  Chim,  Phys.  88,  86. 

Obtained  similarly  to  methyl-piperidine-iu'ca,  by  the  action  of  cya- 
nate of  ethyl  on  piperidine.    Resembles  the  precemng. 

Cahonn. 
iRtfcni. 

16  C. 96  ....  61*54  61-54 

2N 28  ....  17-94  18-13 

16  H 16  ....  10-26  10-22 

.2  0 16  ....  10-26  1011 

C"aN«HWO« 156     ....  10000     10000 

Carbamide,  in  which  1  At  H  ia  replaced  by  ethyl  ax^  another  by  piperyl, — 

-  mH«.C*HSCWH».(C«0«)". 

Methyl'pipmdme.  C'^li^{(?TBP)W'' axii  EthyUptperidi^    C»N(0*HOH«>. 
(see  voL  x,  pp.  449, 451.) 


BENZOPIPERIDS. 
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Amyl-piperidine. 

C»NH"  =  C'«(C«>H")NH*,H». 
Cahoubs.  i\r.  Ann,  Chtm,  Fhys.  39,  95. 

Piperidine  is  heated  with  iodide  of  amyl  in  the  water-bath  for 
several  days;  the  resulting  crystalline  mass  is  dissolved  in  a  small 
qnantity  of  water,  and  distilled  with  lumps  of  caustic  potash.  The 
oily  distillate  is  dried  with  fused  hydrate  of  potash,  and  rectified. 

Colourless  oil,  boiling  at  ISG"",  and  smelling  like  ammonia  and 
fnsel-oiL    Vapour-density  =  6'477. 

Cahonn.  Vol.  Density. 

20  C ^  120    ....     77*41     ....     77-54     C-Ttponr      ....      20    8-3200 

N 14     ....      9-04    ....       9-17    N-gas  ....        I     0*9706 

21 H 21     ....     13-56     ....     13-63     H-gm§  ....      21     1-4553 

C?»NH« 155     ....  100-00    ....  100-34    Vapour  of  C^nH"  2     10-7459 

1     5-3729 

Less  soluble  in  water  than  methyl-  or  ethyl-piperidine. 
Forms  crystallisable  salts  with  most  acids. 

Hydriodate  of  Amyl-p^eridine.'^BrosAy  white,  shining  Iamin». 


20  C 

120 

....     42-55 
....       4-96 
....      7-80 
....     44-69 

Cahonn. 
....     42-26 

N 

22  H 

22 

....      512 
....      7-74 

I   

126 

C"NH«,HI  282    ....  10000 

Chloraplatmate  of  AmyUpq>eridine. — Bichloride  of  platinum  separates, 
from  the  warm  solution  of  hydrochlorate  of  amyl-piperidine,  dark 
orange-yellow  oil-drops,  which,  after  a  few  hours,  solidify  in  the 
crystaJline  form.  From  solution  in  moderately  warm  dilute  alcohol, 
the  compound  crystallises  in  very  hard  piisms  of  a  fine  orange-red 
colour. 

Cahonn. 

20  C    1200  ....    33-28    33-13 

N 140  ....  3-87 

22  H  220  ....      6-10    6*23 

3  CI  106-6  ....  29-54 

Pt  98-0  ....    27-21     27-39 

C»NH»,HCl,PtCP....  360-5    ....  10000 


Benzopiperide. 


Cahoubs.    N.  Arm.  Chim  Phys.  38,  88. 

VOL,   XV. 
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By  treating  piperidine  with  chloride  of  benzoyl,  a  heavy  oil  is 
obtained  which,  when  treated  with  acidulated  water,  yields  hydro- 
chlorate  of  piperidine,  while  benzoyl-piperide  remains  unmssolved,  and 
quickly  soHdifies;  it  is  purified  by  recrystallisation  from  aloohoL — 
Beautiful  colourless  prisms. 

Cahoun. 
mean, 

24  C 144  ....♦  76-19  75-91 

N 14  ....   7-41  7-57 

15  H 15  ....   7-94  81 1 

2  0 16  ....   8-46  8-41 


C>*NH>*0« 189    ....  100-00     10000 


Gumylpiperide. 

C»«NH»0>  =  G"NH»(C»ff»0*),EPt 

Cahours.  N,  Ann.  Chim.  Phya,  38,  88. 

Obtained  like  the  preceding,  by  the  action  of  chloride  of  cumyl  on 
piperidine. — ^Beautiful  tabular  crystals. 

Cahoan. 

30  C 180    ....     77-92     78-06 

N 14     ....       6-06 

21  H 21     ....       909     918 

2  0 16     ....       6-93 

-   -  —III 

C»HnN02 231     ....  10000 


Conjugated  Compounds  ofPipenc  Acid, 

Fiperine. 

Oersted  (1819).    Schw.  29,  80 ;  J.  Phys.  90,  173. 

Pelletier.     Ann.  Chim.  Phys,   16,   344;   Schw.  32,  435;   Ann.  Chim. 

Phya.  51,  199 ;  Schw.  67,  93  ;  Ann.  Pharm.  6,  33. 
Merck.    N.  Tr.  20,  1,  34. 
Wackenroder.     Br.  Arch.  37,  349. 
DuFLOS.     Schw.  61,  220. 

Varrentrapp  &  Will.     Ann.  Pharm.  39,  283. 
Th.  Wertheim.  Ann.  Pharm.  70,  58  ;  Pharm.  Centr.  1849,  520;  N.  J. 

Pharm.   17,  65;    Compt.  Chim.  1849,  375;   Lieb.  Kopp.  Jahreaber. 

1849,  378. 
Gerhardt.     Compt.   Chim.  1849,    375 ;   Lieb.   Kopp.  Jahreaber.  1849, 

379  ;  Bev.  Scient.  10,  201  ;  N.Ann.  Chim.  Phys.  7,  253. 
Anderson.     Ann.  Pharm.  75,  82 ;   Compt.  rend.  31,  136 ;  Ann.  Pharm. 

84,  345  ;''Lieb.  Kopp.  Jahreaber.  1852,  545. 
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Cahours.     Compt,  rend.  34,  481 ;  J.  pr.  Chem.  56,  203 ;   Ann.  Pharrn, 

84,342;  Cliem.  Gaz.  1852,  167.— In  detail :  N.  Ann:  Chim.  Phys. 

38,  76. 
Stenhouse.     Ann.  Pharm.  95,  106. 
V.  Babo   &  E.  Keller.     Dissert  van  E.  Keller^  Freiburg,   1856,  16; 

J.  pr.  Chem.  T2^  53  ;  abstr.  Chem.  Centr.  1858,  541 ;  Chem.   Gaz. 

1858,  7  ;  Kopp's  Jahresber.  1857,  413. 
A.  Strecker.     Ann.  Pharm.  105,  317;  J.  pr.  Chem.  74,  191;  Kopp^a 

Jahresber.  1857,  415. 

Discorered  by  Oersted  in  1819. 

Source.  In  black  and  long  pepper. — ^In  black  pepper  from  Western 
Africa,  Cuheba  Clusii,  which  does  not  contain  any  cubebin.  (Sten- 
house.) 

Preparation.  1.  Coarsely  pulverised  pepper  is  exhausted  with  cold 
water;  the  residual  powder  repeatedly  digested  with  alcohol  of  80 
per  cent. ;  the  alcohol  distilled  off  from  the  tinctures ;  the  residue  eva- 
porated to  an  extract,  and  this  extract,  after  standing  for  several 
days,  washed  with  cold  water.  The  undissolved  residue  is  then  dis- 
solved in  alcohol ;  a  quantity  of  hydrate  of  Hme  is  added,  equal  to  y^  ^^ 
the  pepper  used ;  and  the  liquid,  filtered  after  a  day's  digestion,  is 
left  to  crystalhse.  The  resulting  crystals,  if  impure,  may  be  purified 
by  trituration,  washing  with  ether,  and  recrj'stallisation  from  al- 
cohol, with  help  of  animal  charcoal.     (VVittstein.)  —  Vogel  (Br,  Arch,  26, 

294)  lirst  recommended  the  washing  of  the  pepper  with  water ;  Pfeil  {Mag.  Pharm, 
\'A,  56)  and  Uoff  {Repert.  25,  400)  the  use  of  hydrate  of  lime.  Henkenius  {Mag. 
Pharm.  13,  59)  proceeds  in  a  simitar  manner.  The  pipeline  thus  obtained  amounts  to 
2*4  p.  a  of  the  pepper. 

2.  White  pepper  is  exhausted  with  alcohol  of  sp.  gr.  0*833 ;  the 
tincture  is  distilled  to  an  extract ;  and  this  extract  is  mixed  with  potash- 
ley,  which  dissolves  the  resin  and  leaves  a  green  powder.  The  latter 
is  washed  with  water,  dissolved  in  alcohol  of  sp.  gr.  0*833  and  crys- 
tallised. By  repeated  crystallisation  the  piperine  is  obtained  colour- 
less, (Pontet,  J.  Chim.  Med.  1,  531 ;  Berzel.  Lehrb.  3  Aufl.  7,  577.) — 
This  method  is  preferred  by  Pelletier  and  BerzeHus.  See  also  Buchner 
{Repert.  22,  270) ;  Carpenter,  SiU.  Am.  J.  13,  334;  MeU  (Brugn.  Giom. 
17,  76).  —  Stenhouse  dissolves  the  extract  of  cubebs,  prepared  with 
wood-spirit,  in  alcohol,  and  mixes  it  with  strong  potash-ley,  whereupon 
a  brown  oil  separates,  which  yields  crystals  on  sta,nding.  The  mother- 
liquor,  if  again  mixed  with  alcohol,  yields  another  portion  of  oil,  which 
likewise  deposits  crystals  on  standing.  These  crystals  are  purified  by 
pressxure  and  recrystallisation. 

3.  Winckler  distils  the  alcohol  from  the  alcoholic  tincture  of  long 
pepper ;  dissolves  the  residue  in  the  required  quantity  of  hot  alcohol ; 
precipitates  the  solution  with  basic  acetate  of  lead ;  mixes  the  filtrate 
while  warm  with  as  much  sulphuric  acid  as  is  necessary  to  precipitate 
the  lead ;  filters  while  warm ;  distils  the  alcohol  from  the  filtrate ;  ex- 
hausts the  residue  with  water ;  and  dissolves  the  undissolved  portion 
in  hot  alcohol,  whereupon  piperine  crystaUises  on  cooling.  (Mag. 
Pharm.  18,  153.) 

Impure  piperine  may  be  purified  by  washing  with  absolute  alcohol, 
or  better  with  weak  potash-ley.    (Henry  &  Plisson.) 
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Properties.  ColourleBS,  vitreous,  flattened,  four-sided,  obliquely 
truncated  prisms.  (Pelletier.)  Rhombic  prisms,  with  lateral  angles 
of  95  and  85°.  (Gmelin.)  Oblique  rhombic  prisms,  with  angles  of 
92®  45'  and  87°  16'.  The  terminal  face  is  obliquely  set  on  the  obtuse 
lateral  edge,  with  angles  of  106"  30'  and  73**  30'.  (Wackenroder.)  Rhom- 
boidal  prisms,  with  angles  of  85°  40'  and  94°  20'.  (Regnault.)  —  Kopp 
(Einleitung  in  die  KrystaUographie^  s.  312,^  describes  rhombic  prisms  of 
84°  30',  the  acutely  set  terminal  face  making  an  angle  of  75°  50*  with 
the  prism.  —  Rhombic  prism,  having  its  base  set  obliquely  upon  the 
obtuse  lateral  edge ;  the  acute  lateral  edges  often  truncated.  Fig.  85, 
without  a  and  /;  tt  :  t*  =  84°  42 ;  i :  ti  (behind) =75°  80'  32*.  (Dauber, 
Ann,  Pharm.  74,  204.) — Crystals  belonging  to  the  oblique  prismatic 
system.  Fig.  87  without  ct.  Rhombic  prism,  u  :  «  (in  front) =95°  22' ; 
on  the  edge  truncated  by «,  therefore,  t* :  t*  =  84°  38' ;  «  :  A  :  =  120°  42' ; 
u  behind,  75°  45',  in  front  104°  15'.  i :  A  =  135°  3' ;  A  :  A  =  121°  13'.  It 
is  only  in  very  small  crystals  that  the  angles  of  the  rhombic  prisms 
can  be  measured.  In  larger  crystals  the  faces  are  curved,  and  the 
edges  imperfectly  developed.  The  octahedral  faces  h  were  developed 
only  in  one  of  the  crystals  examined.  Haidinger  states,  however, 
that  truncations  of  the  combination-edge  t :  u  above  and  in  front  by 
the  other  half  of  the  octahedron  (Fig.  100,  a)  likewise  occm:.  —  The 
crystals  have  an  imperfectly  vitreous,  sometimes  fatty,  lustre.  Colour 
of  the  crystals  examined,  greenish  yellow,  or  lemon-yellow.  Trans- 
parent to  semi-transparent ;  trichromatic  With  the  dichroscopic  lens, 
the  following  tints  are  observed :  Perpendicular  to  i :  nearly  colourless, 
brightest  tint ;  colour  of  the  axis  h  which  imites  the  faces  t :  yellow, 
comparatively  light ;  that  of  the  axis  a  (parallel  to  %)  :  yellow,  compa- 
tively  dark.     (Schabus,  Beetimmung  d.  Kryatallgeat.  p.  177.^ 

riperine  melts  at  about  100°  (Pelletier);  at  110  or  aoove  (Wack- 
enroder) to  a  pale  yellow  limpid  oil,  which  solidifies  on  cooling  to  a  pale 
yellow,  transparent,  strongly  refracting  resin  (Gmelin,  Wackenroder). 
Sp.  gr.  of  fused  piperine  1'1931  at  18°.  (Wackenroder.)  Nearly  taste- 
less by  itself  (Vogel),  but  has  a  sharp  peppery  taste  when  dissolved 
in  alcohol.  Impure  piperine  has  a  sharp  taste,  eveii  by  itself.  It  has 
no  alkaline  reaction.  ^Pelletier.)  Its  solution  does  not  deflect  the 
plane  of  polarisation  of  light.  (Bouchardat,  N.  Ann.  Chim.  Phye.  9, 227.) 

Liebig.        Pelletier.      Regnault. 


mean. 

34  C    

204 

....  71-58  : 

>..          baf'/O.        .... 

69-47    .... 

71*19 

N    

14 

....       4-91     

4*09     .... 

4-51     .... 

4-94 

19  H    

19 

....       C*67     

6*69     .... 

6-80     .... 

6-78 

6  O   

48 

....     16-84     

..     19-44     .. 

19-22     .... 

17*09 

C"NH»0«  .... 

285 

....  10000    

..  lt)0'00     .... 

10000     .... 

100-CO  . 

Gerliardt 

Laurent. 

Stenhouse. 

mean. 

ntHot, 

7I'*»9 

....    71*00    .... 

1...                .... 

....     71-72 
....      4-76 

N   .. 

4>1     

n  ... 

•  >.     «..                    D    Do              ...a, 

6*66    .... 

....      6-66 

O  ... 

lC-99    

>•■•                                 •••« 

....     16-86 

100*00  100*00 

Win  &  Varwntrapp  found  4*56  p.  e.  N. 

Regnaufe  {Ann.  Chim.  Phy9.  68,  158)  first  gave  the  correct  formula,  which  was 


• 

corrobonted  by  T^nrcnt  {Ann,  Ckim.  Pkyt,  1 9,  36S),  and  finally  settltd  by  Strecker's 
iii?c«t  gation.  Older  foripolie  :  C«NH«*0«  (Pelletier)  ;  C«NH*20«  (Uebig.  Ahu, 
Vharm,  6.  36)  j  C3«N«U*K)»  (Gerburdt) ;  C^N'H^O"  (Wertheim) ;  C^N«H«»0" 
(v.  Babo  &  Keller).     Compare  taX^  O.  Henry  &  Plisson  {J,  Pftarm.  17,  4  19). 

Decompositions,  1 .  Piperine  blackens  by  dt^  distillation^  and  yields 
a  brown  empyreumatic  oil,  from  which  carbonate  of  ammonia  crystal- 
lises. (GmeUn.)  —  2.  Hiated  in  a  platinum  spoon,  it  melts  like  wax, 
takes  fire  at  a  stronger  heat,  and  leaves  an  easily  combustible  charcoal. 
(Merck.)  —  8.  Piperine  suspended  in  acidulated  water  and  exposed  to. 
the  action  of  the  electric  current,  is  violently  attacked,  as  also  by 
hot  concentrated  nitric  acid.  (Hlasiwetz  &  Rocbleder,  Wien,  Akad, 
Ber.  5,  447.) — 4.  It  is  colourea  blood-red  by  oil  of  vitriol,  loses  this 
colour  on  addition  of  water,  and,  if  the  action  of  the  oil  of  vitriol  has 
not  been  continued  for  a  very  long  time,  does  not  appear  to  be  sensibly 

^altered.  (Pelletier.)  oil  of  yitriol  dissoWes  part  of  the  piperine  with  the  same 
colour,  and  water  precipitates  it  in  flocks.  (Dulong,  J,  Pharm.  l\,  52.)  The  solu- 
tion becomes  black  on  standing.  (Wackenroder.)  See  also  Doflos  (Schw.  61,220.) 
This  solution  in  oil  of  Titriolt  on  being  mixed  with  bichromate  of  potash,  gives  off 
gases,  and  assames  a  brownish  green  colour,  finally  changing  to  dirty  green ;  peroxide 
of  lead  colours  it  dirty  brown-red,  and  ultimately  black.  (Riegel  iV.  Br.  Arch,  58, 
293).  Compare  also  Eboli  (/NT.  Br,  Arch,  85,  186.)  —  5.  Bromine  converts  pipe- 
rine into  a  peculiar,  non-crystalline  product.  (Gerhardt.) —  6.  Iodine  actfl 
upon  it  only  when  the  two  are  fused  together,  forming  a  dark  black- 
brown  mass,  which  hardens  on  cooling.  (Wackenroder.)  —  7.  Nitric 
acid  colours  piperine  greenish  yellow,  orange,  and  then  red  ;  dissolves 
it  with  a  yellow  colour,  the  solution  yielding  dirty  yellow  fakes  when 
mixed  with  water,  and,  on  further  action,  produces  oxalic  acid,  together 
with  a  yellow  artificial  bitter.  (Pelletier,  Oersted,  Wackenroder.) 
Strong  nitric  acid  forms  an  orange-red  resin,  which  partly  dissolves 
with  deepening  colour  when  heated.  The  solution  no  longer  yields 
piperine  when  treated  with  water  or  alkalis.  (Buflos.)  The  brown 
resin  which  is  produced  from  piperine  by  nitric  acid,  with  violent 
action,  evolution  of  nitrous  add,  and  the  odour  of  bitter  almond-oil, 
assumes  a  splendid  blood-red  colour  when  treated  with  hydrate  of 
potash,  and  when  boiled  therewith,  yields  a  distLllate  of  piperidine. 
(Anderson.)  Von  Babo  &  Keller,  by  treating  piperine  vnth  nitroua 
acid,  and  sitbsequently  distilling  it  with  potash-ley,  obtained  volatile 
needles  which  had  the  odour  of  cumarin,  melted  in  boiling  water, 
dissolved  in  alcohol  and  ether,  and,  after  fusion  with  hydrate  of 
potash,  gave  the  reaction  of  salicylic  acid 'with  sesquichloride  of  iron. 

8.  By  boiling  with  alcoholic  potash,  piperine  is  converted  into 
piperidine  and  piperate  of  potash,  (v.  Babo  &  Keller).  C^NH^O* 
+  KO,HO=C**KH«0*+C"NH".  (Strecker,  Ann.  Pharm.  105,  817.) 
When  heated  with  potash-lime  it  yields  a  volatile  base  (Wertheim,  see 
page  13 ;  also  x.  446)  piperidine.  (Cahours.)  The  distillate  contains 
water,  two  volatile  bases,  the  piperidine  constituting  the  chief  portion, 
and  traces  of  aneutral  body  having  an  aromatic  odour  like  that  of  benzoin. 
(Cahours.)  If  the  mixture  is  heated  in  the  oil-bath,  not  above  160°,  no 
ammonia  is  produced,  and  there  remains  a  brown  mass,  which  hardens 
on  cooling.  If  this  be  pulverised,  washed  successively  with  cold  water 
and  alcohol  to  remove  hydrate  of  potash  and  undecomposed  piperine,  then 
repeatedly  digested  with  hot  dilute  hydrochloric  add,  and  the  result- 
ing resinous  cake  dissolved  in  alcohol,  water  separates  from  the  solu- 
tion, yellow  flocks,  which,  after  dying  in  vacuo,  contain  on  the  average 
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78-36  p.  c.  C;  6-96  H.,  4-08  N.,  and  15-10  0.,  which  Wertheim  repre- 
sents by  the  formula  C^"N'H"0*°.  When  piperine  is  heated  with  soda- 
lime  to  a  temperature  above  200°,  a  larger  quantity  of  piperidine  is 
obtained,  together  with  ammonia,  and  the  residue  if  supersaturated 
with  hydrochloric  acid,  deposits  yellow  flocks  containing  71-41  p.  c.  C, 
5-65  H.,  and  22*94  0.,  accordhig  to  Wertheim  =  C»H"0".  Piperine 
heated  with  hydrate  of  potash^  melts,  gives  off  a  sharp  odour  of  pepper, 
and  yields  a  milky  aqueous  distillate.  When  more  strongly  heated, 
it  gives  off  hydrogen  gas  with  intumescence,  and  finally  ammonia. 
'(Gerhard  t.)  —  9.  Heated  with  bichromate  of  potash  and  dilute  sulphuric 
acid,  it  gives  off  a  large  quantity  of  carbonic  acid,  and  yields  a  slightly 
acid  aqueous  distillate  which  reduces  nitrate  of  silver.  The  residue  smells 
like  bitter  almonds,  and  when  evaporated  to  dryness  and  exhausted, 
first  with  alcohol,  then  with  water,  leaves  a  greenish  amorphous 
extract.  (Gerhardt.) — 10.  Permanganate  of  potash  added  to  a  solution 
of  piperine  mixed  with  sulphuric  aX;id,  colours  it  green  after  a  few' 
hours.     (Duflos.) 

Combinations.  Piperine  is  insoluble  or  veiy  sparingly  soluble  in  cold 
watei'^  slightly  in  hot  water,  whence  it  is  deposited  on  coolbig.  (Pel- 
Ictier,  Oersted.) . 

It  is  not  perceptibly  soluble  in  aqueous  mineral  acids ;  neither  does 
it  combine  with  them.     (Pelletier,  Dulong,  Regnault.) 

Piperine  combines  with  iodine^  forming  shining,  bluish  black  needles, 
soluble  in  alcohol,  and  containing  C'^K'H'H)"!'.  (see  Weltzien,  Syst. 
Zusammenst.  562.) 

With  Hydrochloric  acid.  Fuming  hydrochloric  acid  colours  piperine 
deep  yellow,  itself  acquiring  the  same  colour  by  contact  with  it.  (Pel- 
letier, Dulong.)  The  solution  of  piperine  in  alcoholic  hydrochloric  acid 
leaves,  when  evaporated  in  vacuo,  a  residue  free  from  hydrochloric 
acid.  (Regnault.)  When  dry  hydrochloric  acid  is  passed  over  air- 
dried  piperine,  ultimately  heated  to  fusion,  the  mass  acquires  a  lemon- 
yellow  colour,  changing  to  light  brown,  and  takes  up  13*05  to.13-74  p.  c. 
HCl,  without  separation  of  water.  (C»*NH»0«,  HCl  =  12-63  p.  c.  HCl.) 
The  transparent  mass  soHdifies  in  the  crystalline  form  on  cooling,  is 
decomposed  by  water  into  piperine  and  aqueous  hydrochloric  acid,  and 
dissolves  in  alcohol.     (Varrentrapp  &  Will.) 

From  solution  in  perchloric  acid,  piperine  crystallises  out  unaltered 
by  spontaneous  evaporation.  *   (J.  Bodecker,  Ann,  Pharm,  71,  63.)  * 

Piperine  does  not  dissolve  in  aqueous  ammonia  or  in  the  fixed  alkalis. 
(Merck.) 

Phosphomolybdic  acid  colours  piperine  brown-yellow,  and  precipi- 
tates it  in  flocks.  (Sonnenschein,'-<4«n.  Pharm.  104,  45.)  Piperine  like- 
wise fojms  a  yellow  precipitate  with  a  very  dilute  solution  of  phosphan- 
timonic  acid  (the  acid  mixture  obtained  by  dropping  pentachloride  of 
antimony  into  aqueous  phosphoric  acid.)  (SchvMzc,  Ann.  Pharm.  109, 179.) 

Piperine  with  Chloride  of  Cadmium. — Straw-yellow  needles  containing 
C"N'H»0»2IICl,9CdCl  +  6HO.  (Galletly,  N.  Edinb.  Pha.  J.  4,  94; 
Chem.  Centr.  1856,  606.) 

With  a  very  dilute  solution  of  potassio-mercuric  iodide^  piperine 
forms  a  yellowish  white,  permanently  amorphous  precipitate.  (Delffs 
N.  Jahrb.  Pharm.  2,  31.) 

Chloromercurate  of  Piperine  is  obtained  by  mixing  a  solution  of  1  pt. 
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piperine  in  strong  alcohol  acidulated  with  hydrochloric  acid,  with  an 
alcoholic  solution  of  2  pts.  mercuric  chloride,  collecting  the  crystals 
after  three  da3'8,  and  washing  them  with  alcohol.  Yellow,  shining, 
transparent  crystals  which  become  darker  by  exposure  to  the  air,  or 
at  the  heat  of  the  water-bath.  They  belong  to  the  doubly  oblique 
prismatic  system.  The  crystals  consist  of  three  hexaid  faccs*^,  z^  u 
{Jig,  u\  the  edge  between  y  and  w,  to  the  right  above,  being  truncated 
by  a  oodecaid  face  g ;  the  edge  between  u  and  z^  to  the  left  in  front, 
truncated  by  three  dodecaid  faces  r,  v*,  v"  (in  the  figure  v  and  v"  would 
come  between  v  and  z) ;  the  edge  between  z  and  u  truncated  by  a 
dodecaid  face  w ;  the  edge  between  z  and  y^  to  the  front  above,  trun- 
cated by  a  decaid  face  t ;  the  edge  between  y  and  z,  to  the  front 
below,  truncated  by  a  dodecaid  face  l! ;  and  the  summit  between  w,  v, 
yy  to  the  right  above,  truncated  by  an  octa'id  face  o, — z  :  w  =  102°  51 ; 
z :  IT  =  144"*  35 ;  win—  138**  16'  (by  calculation)  =  138**  18'  (by  obser- 
vation); 5f  :  M?  =  119°  9' ;  z  :  t;  =  133°  31' ;  u  (left)  :  v  =  123°  37'; 
yiv—  106°  51' ;  wx  t;over  ^  =  98°  6' ;  £: :  v  =  169°  58'  (calculated) 
=  170°  8*  Cobserved);  u  (left)  :  r^  =  87°  10'  (calculated)  =  87°  4' 
(observed);  y  :  r^  =  120°  4';  v  i  v"  ^  143°  33' ;  r  :  v*  =  178°  28'; 
tt  (left) ;  t»  =  101°  20^;  yiu  over  g  =  102°  24' ;  giy  —  147°  35' ; 
giu  —  134°  49' ;  giz  —  120°  18'  (calculated)  =  120°  20'  (ob- 
served);  y  :  c  =  121°  46' ;  <*  :  r  =  111°  52';  t*  :  m  =  91°  22;  <M  y  = 
126°  21';  tiy  =  123°  51';  o  :  ^  (behind)  =  98°  17'  (calculated)  = 
98°  15'  (observed) ;  o  :  «  =  130°  19' ;  o  :  y  =  125°  59!^;  oiv  behind 
=  125*  75' ;  o  :  w  =  141°  25';  o  :  <^  =  141°  3'.  The  faces  v*  and  ^ 
occur  but  rarely.  The  crystals  are  short  prisms  in  the  direction  of 
£  and  a.  They  are  plane  and  smooth  faced,  m  only  being  .sometimes 
curved.  Lustre  vitreous,  somewhat  fatty  and  adamantiiKJ.  Transpa- 
rent to  semi-transparent.  Slightly  trichromatic.  Powder  lemon-yellow. 
(Schabus,  Bestimmung,  p.  198.) 

Insoluble  in  water,  sparingly  soluble  in  strong  hydrochloric  acid  and 
in  cold  alcohol,  more  easily  in  hot  alcohol.  (Hinterberger,  Wien.  Akad. 
Ber,  6,  114 ;  Ann.  Pharm.  77,  204 ;  J.pr.  Chem.  53,  246). 


Hinterbei^ger. 

• 

mean. 

68  C 

408-0 

....     46-49 
....       319 

46-75 

2  N    

OQ*A 

39  H    

39-0 

....       4-44     . 

I...M..          nt  'kj 

Xm    v/      ■•■■••••»«••■•■• 

960 

....     10-94 

«  Hj 

2000 

....     22-79     . 

22-35 

3  CI  

106*5 

....     12-15 

2CWNH»»0«,HCl,2HgCl....  8:7*5     ....  10000 

According  to  Hinterberger  it  U  C70N»H»'0»o,HCI,2HgCl  +  2HO. 

When  an  alcoholic  SDlution  of  bydrocblorate  of  piperine  mixed  with  alcoholic 
cymride  qf  mercury  is  left  to  evaporate  in  the  air,  a  reddish  yellow  resin  is  obtained, 
together  with  firee  piperine. 

CkloropUUmate  of  Piperine. — First  observed  by  Varrentrapp&  Will. — A  con- 
centrated alcohoUc  solution  of  piperine  is  mixed  with  concentrated 
alcoholic  bichloride  of  platinum  and  fuming  hydrochloric  acid,  the 
mixture  is  left  to  evaporate,  and  the  resulting  crystals  are  washed 
with  strong  alcohol.  Large  aurora-red  crystals  belonging  to  the 
oblique  prismatic  system.  Taste  sharp  and  burning.  Unalterable  at 
100  ,  melts  somewhat  above  100"",  and  decomposes  with  strong  tume- 
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faction  (Wertheim.)  Dissolves  very  sparingly  in  water,  being  resolved 
at  the  same  time  into  hydrochloric  acid  and  piperine  [and  bichloride  of 
platinum].  (Varrentrapp  &  Will ;  Wertheim.)  Dissolves  in  cold  alcohol, 
and  very  abimdantly  in  hot  alcohol,  so  that  on  cooling,  a  large  quantity 
of  a  fiery  orange-yellow  powder  is  precipitated.  (Wertheim.) 

Wertheim. 


68  C   

2  N 

39  H  

403-0 
280 
39-0 
960 
98-7 

106*5 

....    62-34 
....      3-60 
....       502 
....     12-43 
....     1271 
....     13-70 

flt€OHm 

54-52 

3-53 

5-30 

12  0  

Pt 

10-54 

3  CI 

•*•«    ••■            Aw   'm  M 

2CWNH»»0«.HCLPtCl« .... 

776-2 

....  100-00 

100-00 

Wertheim's  formula  C^N^H^^Oi^HCl^PtCO^  agrees  better  with  his  analysis,  Imt  it 
assigns  to  free  piperine,  the  formnU  C^S'H^O"^  or  CTx^N^H'^Oi*  +  2H0,  which  is  not 
at  all  probable. 

Piperine  dissolves  readily  in  acetic  acid;  the  solution  is  precipitated  by 
water,  and  yields  feathery  crystals  by  evaporation.  (Pelletier,  Merck.^ 

It  dissolves  more  readily  in  hot  alcohol  than  in  cold,  and  is  pre- 
cipitated by  water.  (Pelletier.)  Soluble  in  30  pts.  of  cold,  and  in  an 
equal  quantity  of  boiling  alcohol.  (Wittstein.)  The  solution  is  ren- 
dered milky  by  water,  and  deposits  the  piperine  in  small  crystals. 
(Wackenroder.) 

Piperine  dissolves  in  60  pts.  of  ether  (Merck),  in  100  pts.  of  cold, 
and  in  a  smaller  quantity  of  warm  ether.  It  dissolves  in  volatile  ot&, 
and  crystallises  as  the  solvent  evaporates.  (Pelletier.)  It  dissolves 
abundantly  in  warm  creosote,  and  remains  dissolved  on  cooling. 
(Reichenbach.) 


Oxygen^nucleus  C'^H'O'. 

Glaucomelanic  Acid. 

WoHLER  &>  Merklein.     Ann.  Fharm,  55,  129. 
Known  only  as  a  potash-salt 

Formation.  1.  By  the  action  of  the  air  on  ellagic  acid  in  presence 
of  excess  of  alkali.  — 2.  On  mixing  ellagate  of  potieish  with  hypochlo- 
rite of  potash. 

JPreparation  of  GlancoTnelanate  of  Potash.  —  Ellagic  acid  is  dissolved 
in  cooled,  moderately  strong  potash-ley,  and  left  to  stand  in  contact 
with  the  air,  whereupon  uie  solution  first  assumes  a  deep  reddish 
yellow  colour,  then  becomes  lighter,  and,  commencing  from  the  sur- 
face, deposits  fflaucomelanate  of  potash  in  slender  black  crystals,  in- 
termingled with  ellagate,  if  the  solution  has  stood  for  too  long  a  time 
in  contact  with  air  containing  carbonic  acid.  The  liquid  is  decanted 
before  the  separation  of  ellagate  of  potash  begins,  and  the  black 
crystalline  powder  is  washed,  first  with  water  containing  potash, 
then  with  pure  water.  Glancomelenate  of  soda  may  also  may  be  obtained  by 
heating  ellagic  acid  with  soda-ley  i  bat  it  is  more  difficult  to  purify. 
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Properties  of  the  Potash-salt,  —  Blue-back,  crystalline,  shining 
powder,  appearing  nnder  a  magnifying  power  of  200,  to  consist  of 
broad,  thin  prisms,  black-blue  by  transmitted  light.  The  air-dried 
salt  gives  off  in  ^^lcuo  f  of  its  crystaUisation-water,  and  the  rest 
at  100°  without  further  alteration,  the  total  quantity  being  on 
the  average  16*84  p.  c.  (cdc.4  at.  HO « 17-53  p.  c.) 

at  120^  WOhler  &  Merklein. 

24  C 1440  ....  42-55  40*96     4172 

4H 40  ....  118  0-98     1-29 

12  O 960  ....  28-83  29-38     30-16 

2  KO  94-4  .,..  27-89  28-68     26-83 

C»«K»H^O" 338-4     ....  100-00    100-00    100-00 

The  reprodaction  of  ellagic  acid  from  glaaoomelanic  acid  makei  the  fommla  of  the 
latter  qipear  doabtAil.     (Gerhardt,  Draiti  3,  873.) 

Decompositiona.  1.  Olaucomelanate  of  potash  when  heated  in  a  tube, 
g^ves  off  water,  carbonises,  without  yielding  any  empyreumatic  products, 
and  leaves  charcoal,  together  with  carbonate  of  potash.  ^  2.  It  dissolves 
abundantly  in  hot  water  and  in  contact  with  the  air,  with  green,  and 
afterwards   with  yellow,  colour,  forming  ellagate  of  potash,  which 

separates  from  the  solution  on  cooling,  if  the  potash-salt  be  heated  with 
water,  and  eraporated  to  dryness,  a  dirty  olive-green  mass  is  obtained,  equal  in  weight 
to  the  original  salt.  The  latter  yields  73  p.  c.  of  brownish  ellagic  acid,  and  a  quantity 
of  chloltde  of  potasdom  equivalent  to  29  pts,  of  potash.  —  3.  Heated  with  hydro^ 

chloric  acidj  it  yields  a  deposit  of  ellagic  acid.  —  4.  With  nitrous  acid 
vqfHmr,  it  assumes  a  fine  purple-red  colour.  —  5.  In  hot  concentrated 
potash-ley  it  dissolves  with  deep  emerald-green  colour,  quickly  chang- 
ing to  deep  vellow  in  contact  with  the  air. 

The  ada  dissolves  sparingly  in  cold  water^  with  blackish  purple 
colour.     It  is  insoluble  in  alcohol. 


Primary  Nucleus  (?*H" :  Oxygen-nucleus  C^H»0*. 

Filipelosic  Acid. 

(7*H»«0»  =  C«*EP«0*,0«f 

Luck.     Ja^r6.;)r.  P/iarm.  22,  189  and  141. 

filimelUie  acid. 

Preparation,  1.  Pilicic  acid  (from  Aspidium  fiUx  maSj  see  below)  is 
dissolved  in  warm,  very  dilute  potash-ley ;  the  solution  exposed  to  the 
air  for  a  week ;  and  the  filtrate  precipitated  with  dilute  sulphuric  acid. 
The  precipitate  is  washed,  dried  and  obtained  as  a  loosely  coherent 
powder,  by  solution  in  ether-alcohol  and  fp)ntaneous  evaporation  of 
the  filtrate.— -2.  When  filicic  acid  is  heated  with  dilute  alcoholic 
ammonia  to  80''  or  100°  for  some  time  out  of  contact  with  the  air,  the 
liquid  then  precipitated  with  sulphuric  acid,  and  the  precipitate  purified 
as  in  1,  Luck's  fuimelisic  acid  id  obtained. 
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Properties,  Amorphous  loam-coloured  powder ;  when  prepared  by  2, 
it  consists  of  microscopic  spherules.    Tasteless. 


Luck. 

♦ 

Lock. 

mean. 

vuan. 

In  vacuo. 

a. 

In  vacuo. 

b. 

24  C  ....  144     ....     65-45 

....     64-92 

24  C 

144 

....    62-88 

....    62-81 

12  H....     12    ....       5-45 

6*16 

13  H 

.  ...        LO 

....       5-67 

....      5-71 

8  O  ....     64     ....     29-10 

....     28-92 

9  O 

72 

....     31-45 

...     31-48 

(?*WH)»  220    ....  10000 

....  100-00 

C«H»208,HO  229 

....  100-00 

..»• 

Luck  regards  the  acids  obtained  by  1  and  2  as  different,  the  former  as  C^H^K)^* 
the  latter  as  C^H^',  although  thej  agree  perfectly  in  their  properties,  and  in  the 
composition  of  their  lead-salts.  The  formuls  given  by  Luck  for  chloro-  and  bichloro- 
filipelosic  .acid,  as  well  as  that  of  filimelisi-sulphuric  acid  are  improbable  in  the  highest 
d^ree.     (Kr.) 

Filipelosic  acid  melts  and  bums  when  heated  on  platinum-foil.  —  It 
is  converted  by  dry  chlorine  into  chlorofilipelosic  add;  by  aqueous 
chlorine  into  bichlorofilipelosic  acid. 

It  is  insoluble  in  water,  but  dissolves  with  brown  colour  in  oil  of 
vitriol.  It  dissolves  readily  in  aqueous  alkalis;  the  solution  yielding- 
with  most  metallic  salts,  precipitates  varying  in  colour  from  yellow  to 
brown. 

Lead-salt.  Precipitated  from  the  soda-salt  by  neuti-al  acetate  of 
lead« 

Luck. 


In 

vacuo. 

a. 

b. 

24  C    

144     .... 

42-23     .... 

....     40-32 

•••■ 

41-15 

•  •■• 

41-87 

13  H    

J  (J     .... 

O  0 1       ..■• 

....       4-07 

•••• 

4-06 

«••• 

4-21 

9  O    

72     .... 

2111     .... 

....     21-91 

•  ■•• 

22-83 

•••t 

21-60 

PbO  

112     .... 

32-85     .... 

....     33-70 

•  •#■ 

31-96 

•  ••• 

32-62 

C«H"Pb08,2HO   341  ....  100-00  10000   ...  10000  ....  10000 

a  is  Luck's  filipelosate  of  lead;  b  his  filimelisate. 

Filipelosic  acid  dissolves  in  sulphide  of  carbon^  alcohol^  ether,  wlcUile 
oils  and  fixed  oils. 


Filimelisi-sulphuric  Acid. 

Luck.     Jahrb,  pr,  Pharm.  22,  149, 

Pt*eparation.  Filicic  acid  is  triturated  with  6  or  8  pts.  of  fuming 
oil  of  vitriol  till  completely  dissolved;  the  solution  after  stand- 
ing for  2  to  4  hours,  is  dropped  into  a  dilute  and  cooled  solution  of 
Glauber's  salt,  avoiding  all  rise  of  temperature  ;  and  the  precipitate  is 
collected,  washed  with  cold  solution  of  Glauber  salt,  to  remove  free 
acid,  then  pressed  and  dried.  The  dry  mass  treated  with  warm 
alcohol  or  ether,  yields  up  its  acid  to  the  solvent,  while  sulphate  of 
soda  remains  behind ;  the  acid  may  then  be  obtained  in  the  solid  state 
by  evaporating  the  filtrate. 

Transparent,   amorphous,    brown-yellow    mass,    which    may   be 


V, 

: 

I 

4 


I    I 
< 
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nibbed  to  a  gold-yellow  powder.    Inodorous.     Tastes  bitter.    Has  a  \ 

faint  acid  reaction. 

Lock. 
mean, 

24  C  144  ....  5517  ....  5582 

13  H 13  ....  4-98  ....  6-29 

8  0 ^ 64  ....  24-49  ....  23*90 

80» 40  ....  15-36  ....  15-49 

C«*HW08,S0» 261     ....  100-00    ....  10000 

After  dedoction  of  a  cetain  amoant  of  ash.  —  So,  according  to  Luck ;  but  the  for- 
mula is  not  in  accordance  with  the  priucipies  of  this  Hand-book. 

Insoluble*  in  water;  dissolves  with  deep  yellow  colour  in  a/^a/w.  The 
solution  of  the  baryta-salt  precipitates  metallic  salts  brown,  but  not 
nitrate  of  silver. 

Bartfta-salt,  —  Prepared  by  mixing  the  aqueous  acid  with  baryta- 
water,  and  removing  the  excess  of  baiyta  by  passing  carbonic  acid 
through  the  liquid,  evaporating,  and  redissolving  as  long  as  carbo-  j; 

nate  of   baryta  continues  to  separate.- — Amorphous  mass,  having  a  i 

fine  red-lead  colour,  and  bitter  taste ;  easily  soluble  in  water. 

Calculation  according  to  Luck.  Luck.  V 

24  C  144  ....  42-66     ....     42*35 

13  H ^ 13  ....       3-85     ....       3-90  V 

8  0' 64  ....  18*96 

SO»  40  ....  11-85 

BaO 76-5  ....  22-68     ...      23*07 

C«H^308,SO»,BaO  3375     ....  lOO'OO 

Lead-salts,  a.  Mono-acid. — Yellowish  red  precipitate,  obtained  by 
mixing  the  aqueous  baryta-salt  with  neutral  acetate  of  lead. 

Lack. 

24  C 144  ....  38*61  ....  38*84 

13  H 13  ....   3*48  ....   3-57 

8  0 64  ....  1715 

SO" 40  ....  10-72 

PbO 112  ....  30-04  ....  29-32 

-  '  ■   ■■  • 

(?«H"0«,SO»,PbO  373  ....  100-00 

h.  With  excess  of  Lead-oxide.  —  Brick-red  precipitate,  obtained  by 
adding  neutral  acetate  of  lead  to  the  aqueous  solution  of  the  baryta- 
salt  mixed  with  ammonia.  A  precipitate  of  the  same  *  colour  is 
obt^ned  by  treating  the  aqueous  baryta-salt  with  basic  acetate  of 
lead. 

Luck. 

24  C 144  ....  20-31  ....  2010 

13  H 13  ....  1-83  ....   1-87 

8  0 64  ....  9-02 

80» 40  ....  5-64 

4PbO  448  ....  63*20     ....     63-49 

C»«H«0»,SO»,4PbO 709     ....  10000 

The  acid  dissolves  readily  in  alcohol  and  in  ether. 
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Oxygen-nucleus  C'lI'O*.  • 

Luteolin. 

CiiEVREUL,  (1830).    J.  Chim.  Med.  6,  \bl -rBerz.  Jahresher.  11,  280. 
MoLDENHAUER.     Ann.  Pharm.  100, 180  5  liingL  polyt  J.  144,  71 ;   J.  pr. 

Chem.  70,  478. 
ScHxJTZENBERGER  &  Pabaf.    Compt.  rend.  52,  92 ;  Zeitschr.  Ch.  Pharm.  4^ 
134. 

DiiooTered  by  CheyreiiL  —  Different  from  Liesdiing*!  Inteolin,  a  pteptntioii  from 
weld,  which  is  nsed  in  dyeing.    (Comp.  Chem.  CetUr.  1856,  159.) 

Occurrence.    In  dyer's  weld.    (Reseda  luteola.) 

Preparation.  Weld  is  exhausted  with  hot  alcohol  of  80  per  cent. ; 
the  tinctures  are  concentrated  by  distilling  off  the  alcohol,  and  by 
further  evaporation;  and  the  impure  luteolin  which  separates  after 
standing  for  a  day  is  collected.  For  purification,  either  the  luteolin  is 
dissolved  in  boiling  concentrated  vinegar,  the  solution  evaporated,  and 
the  luteolin  extracted  from  the  residue  by  ether  (containing  water) ;  or 
the  separated  impure  luteolin  is  dried,  washed  several  times  with  a  small 
quantity  of  ether,  which  chiefly  takes  up  resin,  and  dissolved  in  a  larger 
quantity  of  ether.  The  whole  of  the  luteolin  thus  prepared  may  be 
obtained  pure  and  crystallised,  by  pouring  the  solution  into  20  times 
its  volume  of  water,  then  boiling,  filtering,  and  cooling  the  filtrate. 
(Moldenhauer.)  The  alcoholic  extract  of  weld  may  likewise  be  dissolved 
in  alcohol,  the  alcohol  distilled  off,  and  the  luteolin  preci^ntated  from 
the  hot-filtered  residue  by  neutral  acetate  of  lead.  The  precipitate  is 
decomposed  under  water  by  sulphuretted  hydrogen,  the  sulphide  of 
lead  collected  and  dried,  the  adhering  luteolin  extracted  therefrom  by 
ether  containing  water,  and  then  re-crystallised  from  alcohol.  It  may 
also  be  re-ciystallised  from  dilute  sulphuric  acid,  acetic  acid  of  15  to  20 
per  cent.,  or  water  with  2  per  cent,  alcohol.  (Moldenhauer). — 2.  Weld 
IS  exhausted  with  alcohol ;  the  alcoholic  solution  precipitated  with 
water,  and  the  precipitate  heated  with  water  to  250 ""  in  a  closed  steel 
cylinder.  After  cooUng,  the  sides  of  the  cylinder  are  found  to  be 
coated  with  crystals,  which  must  be  separated  from  the  cake  of  resin 
at  the  bottom,  and  purified  by  two  crystallisations  from  over-heated 
water.    (Schiitzenberger  &  Paraf.) 

By  precipitating  the  aqueons  decoction  of  weld  with  hasic  acetate  of  lead  (or  agitating 
it  with  hydrated  oxide  of  lead),  decomposing  the  washed  precipitate  with  snlpharetted 
hydrogen,  and  evaporating  the  filtrate  in  vacuo,  P^eisser  {hev.  seieni.  16,  56;  J,  pr. 
Chem,)  obtained  his  luteolin  in  white  spangles,  slightly  acid,  and  of  sweetish  bitter 
taste.  This  product  sublimes  in  golden  yellow  needles,  and,  by  exposure  to  the  air  or  by 
boiling  with  chromic  acid,  is  converted  into  broad  gold-yellow  spangles,  Passer's  /ic/eo- 
lem.  It  dissolves  in  water,  is  coloured  bright  yellow  and  afterwards  precipitated  by 
ammonia  or  the  fixed  alkalis,  likewise  by  lime-,  strontia-,  or  baryta -water.  From  a 
solution  of  neutral  acetate  of  lead,  it  throws  down  a  white  precipitate,  which  becomes 
gold-yellow  on  exposure  to  the  air,  and  from  ferrous  salphate,  a  pale  greenish-yellow 
predpitate,  which  turns  brown  when  exposed  to  the  air.  It  dissolves  in  al«>hol  and  ether. 
(Since,  however,  Preisaer's  other  statements  respecting  colouring  matters  have  been 
oflten  refuted,  it  is  probable  that  these  alsa  are  not  deserving  of  much  confidence*  Kr.). 


Caieulaiion  according  to : 

1.                                            2.  3. 

Schfltxenberger  &  Paraf.                  Moldenhauer.  Hlasiwetz. 

24  C   144...    6207     40  C    240....    6292     58  C 848....    6214 

8H  8  ....      3*45      14  H   14....      3*66     20  H    20....      3-57 

10  O  80  ....    34-48      16  O    128  ....    33-53     24  0 192  ....    3429 


100-00  to  100-00     10000  to  10000 

Moldenhsaer  analjaed  luteolin  re -crystallised  from  sulpharic  acid,  acetic  add  or 
alooholy  with  nearlf  equal  results.  From  his  determinations  of  the  quantities  of  metal 
in  the  luteolin -salts,  he  regards  the  formula  as  not  completely  established.  According 
to  Hlasiwets  {Ann,  Pkarm,  112,  107),  luteolin  might  be  identical  with  alpha-quer- 
cetrin  (calculation  3)  ;  this  however  is  doubted  by  BoUey.    (ilnn.  Pharm,  115,  60.) 

Decompositions.  1.  By  anhydrous  phosphoric  acid  at  200°,  luteolin  is 
converted  into  a  red  substance,  which  dissolves  with  violet  colour  in 
ammonia  (Schiitzenberger  &  Paraf.)  —  2.  When  luteolin  is  heated  witl' 
caustic  ammonia  to  lOO""  in  a  closed  tube  for  three  or  four  days,  a  dee^ 
yellow  solution  is  formed,  which,  when  evaporated,  leaves  a  dark<* 
coloured  substance,  whence  ammonia  is  evolved  by  hydrate  of  potash, 
but  not  by  lime:  probably  luteolamide.  (Schtitzenberger  &  Paraf.)  — 
8.  With  warm  concentrated  nUric  acid^  it  turns  red-brown  and  partially 
dissolves,  tiie  solution  depositing  brown  flocks  when  mixed  with  water. 
By  longer  boiling,  a  colourless  solution  is  formed  containing  oxalit) 
add.^-4.  By  distillation  with  chromic  acidj  it  yields  formic  add.  (MoU 
denhauer.)---5.  From  nitrate  of  silver  it  reduces  the  metal  withoul 
previous  reddening.  (^oUey.) 

Luteolin  dissolves  in  14,000  pts.  of  cold  and  5,000  pts.  of  boiling 
waterj  and  is  precipitated  in  the  amorphous  state  by  acids.  (Holder-' 
hauer.)  According  to  Chevreul,  it  dissolves  very  easily  in  water. 
IHssolves  in  oU  of  vitriol,  with  deep  reddish-yellow  colour,  and  ii^ 
precipitated  by  water  without  alteration.  Dissolves  sparingly  in  dilute 
adds,  (Moldenhauer.)    According  to  Chevreul,  it  unites  with  acids. 

Luteolin  unites  with  bases.  (Chevreul.)  It  dissolves  in  aqueous 
ammonia  with  deep  yellow  colour,  and  remains  behind  free  irom 
ammonia  when  the  solution  is  evaporated.  (Moldenhauer.) 
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< 

Compare,  on  this  subject,  Arppe,  Ann,  Pharm.  55,  101 ;  Schlieper,  Ann.  Pharm,  58,  I 

369;  Schiel,  Ann,  Pharm,  60,  76;  Bolley,  Ann,  Pharm,  62,  150;  Weyermann  & 
Haffely,  Ann,  Pharm,  74,  226;  Eisner,  /.  pr,  Chem,  35,  377;  Bolley  &  Wydler,  /. 
pr,  Chem.  43,  507 ;  Wagner,  /.  pr,  Chem,  51,  82). 

.•i 

Properties,    Small  four-sided  needles,  of  pure  yellow  colour,  and  ; 

silky  lustre.     It  sometimes  separates  from  ether  in  the  amorphous  < 

•  state  (Moldenhauer.)    Inodorous^  but  tastes  slightly  bitter  and  harsh.  ] 

Melts  above  320°,  with  partial  decomposition.     Slightly  acid.    (Mol-  I 

denhauer.)      Air-dried  luteolin  contains  10*23  p.  c.  water  (3  at.  »  \ 

10-42  p.  c),   after  drying  over  oil  of  vitriol  7*02  p.  c.  (2  at.  ^  7-2  p.  c.)  ; 
which  goes  off  at  150°.  (Schiitzenberger  &  Paraf.) 


C«H*»0»...  232  ....  10000     C«H"0"....  382  ....  100-00     C«H»0«....  560  ....  lOC'OO 

Moldenhauer.  Schtitzenberger  ft  Paraf. 

at  10U\  ,  at  150'.  •  1 

C  62-50  to    63-00    1,      61-67  to    62-54  ^ 

H 3-70  „      408     o'49  „      3*77 

O 33-80  „    32-92     34-84  „    33-69  1 
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Luteolin   with  Potash. — Prepared  from  luteolin   and  carbonate  of 

potash,  similarly  to  alizarin-soda  (xiv,  139),  and  contains  29*3  p.  c. 

potash,  (Moldenhauer.)  (C^HSQio,  2  KO=  28-92  p.  c.  KO  [Kr.])  With  aqueous 
alkalis,  luteolin  forms  gold-yellow  solutious,  which  undergo  slow  alteration  on  exposure 
to  the  air.  (Chevreul.) 

Luteolin  with  Bartfta. — ^Produced  by  mixing  a  hot  aqueous  solution 
of  lutfeolin  with  caustic  baryta,  then  with  one-third  of  its  volume  of 
alcohol  (Moldenhaner.) 

LuteoUn  with  Oxide  of  Lead — A  hot  aqueous  solution  of  luteolin 
forms,  with  alcoholic  acetate  of  lead,  a  beautiful  yellow  precipitate, 
containing  46"  12  p.  c.  PbO.  (Moldenhauer.)  Alcoholic  acetate  of  lead 
precipitates  alcoholic  luteolin.  (Schutzenberger  &  Paraf.) 

Schiitzenberger  &  Paraf, 

24  C 144  ....  31-44  3097 

8  H 8  ....  1-75  1-98 

10  0 80  ....  17-90  17-72 

2  PbO 224  ....  48-91  49-33 

C«H8O»0,2PbO 456     ....  10000     10000 

Aqueous  luteolin  does  not  affect  ferrous  salts,  but  colours  a  very 
dilute  solution  of  ferric  chloride  green  at  first  but  afterwards  red- 
brown,  the  latter  colour  being  produced  immediately  in  more  concen- 
trated solutions.  (Moldenhauer,  BoUcy.) 

A  compound  of  luteolin  with  cvpric  oxide^  is  formed  by  precipitating 
the  hot  a(^ueous  solution  with  sulphate  of  copper ;  it  has  a  dark  colour, 
and  con  tarns  20*16  p.  c,  CuO.  (Moldenhauer.) 

^  Luteolin  dissolves  in  37  pts.  of  alcohol  and  6*25  pts.  ether.  It  dis- 
solves with  peculiar  facihty  in  strong  warm  acetic  cwid,  and  separates 
almost  completely  on  cooling.  It  does  not  precipitate  a  solution  of 
gelatin.  .Its  wann  aqueous  solution  imparts  a  fine  jonquil-yellow  cjlour, 
after  some  time  to  silk  and  wool  mordanted  with  alum,  and  olive^ 
green  to  the  same  fabrics  mordanted  with  iron.  (Chevreul.) 


Oxychlorine-nucleus  C'*Cin"0*. 

Chlorofilipelosic  Acid. 

(?*H"cio»  =  *c»*cin"o*,o*? 

Luck.     Jahrb.  pr.  Pharm,  22,  144. 

When  dry  chlorine  gas  is  passed  over  filipelosic  acid  in  a  bulb-tube, 
the  acid  melts,  with  rise  of  temperature  and  evolution  of  hydrochloric 
acid  gas,  to  a  transparent  light-brown  mass,  which,  after  washing  with 
water,  dissolves  in  ether-alcohol  with  dark  brown-yellow  colour,  and 
remains  behind  when  the  alcohol  is  left  to  evaporate. 

Amorphous,  transparent,  light-brown  mass,  which  may  be  rubbed 
to  a  brown  powder,  has  a  faint  fruity  odour,  a  slightly  bitter  taste,  and 
strong  add  reaction. 


BICHLOROFILIPELOSIC  ACID.  31 

Luck. 

24  C  144-0     ....     54-68     54*59 

12  H 12-0     ....       4-55     4-78 

CI 35-5     ....     13  48     13-50 

9  O  .' 72-0    ....     27-29     27-13 

C«H»C108,H0 ....  263-5     ....  10000    10000 

Aocordiog  to  Luck  it  is  C^H»C10«  (age  page  26). 

Potash-ley  colours  the  acid  dark  brown,  probably  forming  chloride 
of  potassium. 

The  acid  is  insoluble  in  water,  but  dissolves  with  brown-yellow 
colour  in  alkaline  liquids.  The  alcoholic  solution  of  the  sodansalt  forms 
brown-yellow  precipitates  with  most  metallic  salts,  but  darkens  the 
solution  of  nitrate  of  silver  without  precipitating  it. 

Lead-salt. — ^By  precipitating  the  dilute  aqueous  soda-salt  with 
neutral  acetate  of  lead. 

In  vacuo.  Luck. 

24  C    .•  144-0  ....  38-40     38-30 

12  H    120  ....  3-20     3-22 

CI  35-5  ....  9-45 

9  O    72-0  ....  19-20 

PbO   1120  ....  29-75     2931 

C>*H«>C10sPbO  +  2HO....  375-5     ....  10000 

The  acid  dissolves  in  alcohol,  more  readily  in  ether,  less  easily  in 
sulphide  of  carbon,  ficed  oils,  and  oil  of  turpentine. 


Oxychlorim-nucleus  C~CPff°0*. 

Biclilorofilipelosic  Acid. 

c«h:iph'«o»  =  c»*ci»ff»o*,o*T 

Luck.    Jahrb.  pr.  Pharm.  22, 146. 

Chlorine  is  passed  into  water  in  which  filipelosic  add  is  suspended, 
as  long  as  the  odour  of  the  gas  disappears  after  the  liquid  has  been 
left  to  itself  for  a  while ;  the  product  is  then  washed  with  water,  and 
pniijSed  by  solution  in  alcohol  and  spontaneous  evaporation. 

Amorphous  mass,  which  may  be  rubbed  to  a  light  brown  powder, 
and  melts  at  a  gentle  heat.     Tasteless.    Has  an  acid  reaction. 

In  vacuo.  Luck. 

24  C 144  ....  46-93 4668 

12  H 12  ....  3-91  409 

2  CI 71  ....  2308  23-44 

.      10  0 80  ....  2608  25-79 

_  _  ___  .  _    ^     _         _.  ____  — * 

C24ci«H»0O«,2HO...:  307     ....  10000    100-00 

According  to  Luck  it  if  C«Cl«H»«OW  (comp.  p.  26.) 
Insoluble  in  water^  but  dissolves  in  aqueous  alkalis,  forming  salts 


32  PRIMARY  NUCLEUS  C^H". 

which  precipitate  the  solntions  of  metallic  salts,  like  chlorofilipelosate 
of  soda. 

Lead-salt, — Obtained  like  the  lead-salt  of  the  monochlorinated  add. 

In  ffaeuo.  Lack. 

24  C 144  ....     27-64     27-42 

11  H  11  ....       2-11     2  15 

2  CI 71  ....  13-63 

9  0 72  ....  13-79 

2  PbO 224  ....    42-83     42-95 

C»*CPH»Pb08,PbO,2HO ....  522    ....  100  00 

The  acid  dissolves  in  alcohol  and  in  etherj  sparingly  in  sulphide  of 
carbon^  fixed  oils,  and  oil  of  turpentine. 


Primary  Nucleus  C^fl?*. 

Einovoas  Acid. 

?  C»*H7«0*  =  C»*H",0*. 

Sjlwalier.     Wim.  Akad.  Ber.  11,  844.  — 13,  525. 
Qvinownu  acid.     Chinovigetdurt, 

Occurrence,  In  the  needles  of  Finus  sylvesiris.  In  the  green  parts 
of  Thuja  ocddentaUs, 

Prq>aratiofi,  1.  From  Pine-needles,  The  needles  are  cut  up  and 
boiled  with  alcohol  of  40"" ;  the  alcoholic  decoction  is  distiUed  in  the 
water-bath,  the  greater  part  of  the  volatile  oil  then  passing  over  with 
the  alcohol;  and  the  distillate  is  mixed  with  wat^.  It  is  thereby 
separated  into  a  dark  green  resinous  mass  <;ontaining  ceropic  acid, 
kinovous  acid,  and  a  sm^l  quantity  of  volatile  oil,  and  a  turbid  watery 
Hqnid  in  which  pinipicrin,  sugar,  traces  of  citric  acid,  oxypinotanic 
acid  and  pinitannic  acid  remain  dissolved.  The  needles  exhausted 
with  alcohol  still  contain  a  little  pinipicrin  and  jelly,  which  latter 
may  be  obtained  in  the  manner  described  at  page  239,  voL  xiii.  The 
resinous  mass  is  dissolved  in  alcohol  of  40° ;  an  alcoholic  solution  of 
neutral  acetate  of  lead  added,  which  throws  down  impure  ceropate  of 

lead  (to  be  treated  as  described  nnder  ofjvpic  acid)  ;    sulphuretted  hydrogen  18 

passed  into  the  filtrate ;  and  the  precipitated  mixture  of  chlorophyll 
and  sulphide  of  lead  is  separated  by  nitration.  The  now  yellow  fil- 
trate deposits,  after  the  alcohol  has  been  distilled  off,  a  semi-fluid 
resin,  which  dissolves  in  veiy  dilute  potash-ley,  to  a  light  brown 
liquid,  from  which  the  resins  may  be  precipitated  in  combination  with 
lime  by  chloride  of  calcium.  These  resins  are  filtered  off  and  washed 
with  water,  and  the  filtrate  and  wash- water  are  precipitated  with  a 
slight  excess  of  hydrochloric  acid,  whereby  faintly  yellow  flocks  of 
kinovous  add  are  precipitated,  to  be  purified  by  collection,  re-solution 
in  dilute  potash,  treatment  of  the  solution  with  animcd  charcoal,  and 
precipitation  of  the  filtrate  with  hydrochloric  add.    rEawalior.) 

2.  Ih>m  Thuja  occidentaUs,  The  decoction  of  tne  green  parts  of 
Thftja  ocddmtalis  prepared  with  alcohol  of  40°  deposits  yellow  waxy 
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flakes  on  cooling.  On  subeequently  distilling  the  liquid,  alcohol  and 
volatile  oil  pass  over,  while  resin  and  a  turbid  watery  liquid  remain. 
This  liquid  contains  tannic  acid,  sugar  and  pinipicrin,  and  serves  for 
the  preparation  of  pinipicrin  (see  belowV  The  resin  is  dissolved  in 
boiling  alcohol  of  40*;  the  still  dissolved  wax  is  precipitated  by 
ilcoholic  acetate  of  lead ;  the  filtrate  treated  with  sulphuretted  hy- 
drogen, which  precipitates  chlorophyll  and  sulphide  of  lead;  these 
substances  are  removed ;  and  the  alcohol  is  separated  from  the  filtrate 
by  distillation.  The  remaining  liquid  deposits  a  semi-fluid  resin,  which 
is  to  be  dissolved  in  dilute  potash-ley,  muced  with  chloride  of  calcium, 
to  remove  the  alpha-thuja  resin,  filtered  from  the  precipitate,  and 
treated  with  hydrochloric  acid,  which  precipitates  yellowish-white 
flocks,  consisting  of  a  mixture  of  kinovous  acid  and  beta-thuja  resin, 
to  be  dissolved,  after  washing,  in  lime-water.  Carbonic  acid  passed 
into  this  solution  throws  down  a  mixture  of  kinovous  acid  and  carbo- 
nate of  lime,  from  which  the  former  may  be  extracted  by  ether,  and 
obtained  in  the  solid  state  by  evaporating  the  ether  over  the  water- 
bath.  —  The  beta-thuja  resin  remains  dissolved  after  the  carbonic  add 
has  been  passed  through  the  liquid,  as  just  mentioned^  and  may  be 
precipitated  from  the  filtrate  by  hydrochloric  acid. 

Properties,  White  or  slightly  yellow  brittle  mass,  converted  by  tri- 
turation into  a  strongly  electric  powder. 

In  vacuo.  Kawalier.  • 

a.  b. 

24  C 144     ....     70'»3     7055     ....     70*82 

19  H    19     ....      9-36     9-48     ....      940 

5  0 40    ....     1971     19-97     ...     1978 

C«HMO*  203    ....  100-00    100  00     ....  10000 

a.  from  Pine-needlei ;  b.  from  Thuja. — So,  according  to  KawaUer.  To  bring  the 
formula  into  accordance  with  the  principles  of  this  work,  the  add  dried  in  Yacno  must 
be  luppoaed  to  contain  1  at.  HO  more.     (Kr.) 

Kmavfte  of  Silver.  — Obtained  by  dissolving  the  acid  in  lime-water 
and  precipitating  with  nitrate  of  silver.  —  W  hite,  but  becomes  grey 
after  drying  in  vacuo.  Detonates  when  heated,  but  not  so  strongly 
as  oxalate  of  silver.  Contains  74*11  p.  c.  oxide  of  silver,  and  is  there* 
fore  C»*H"0»,  5  AgO  (KawaHer) ;  by  calculation,  74-2  p.  c.  AgO, 
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1.  PinicofTetrn  C«*ff«0»  (KawaUer,  Wien.  Ahad.  Ber.  11,  859).— 
Found  in  the  bark  of  Pinus  sylvestris.  —  The  bark  of  the  upper  parts  of 
the  stem,  after  being  freed  from  the  outer  rind,  is  cut  in  pieces,  and 
boiled  with  alcohol  of  40^* ;  the  ceropic  acid  which  separates  from  the 
decoction  on  cooling  is  separated  bv  filtration ;  the  greater  part  of 
the  alcohol  evaporated ;  the  residual  liquid  mixed  with  water ;  and 
the  tnrbid  liquid  treated  with  neutral  acetate  of  lead,  whereby  pini- 
cortannic  acid  and  pinicorretin  ai'e  precipitated,  while  cortepinitannic 
acid  and  sugar  remain  in  solution.  The  washed  lead-precipitate, 
digested  with  very  dilute  acetic  acid,  separates  into  pvnicortanmc  add. 
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which  disBolves  (and  may  be  obtained  from  the  solution  by  precipi- 
tating with  basic  acetate  of  lead,  decomposing  the  precipitate  with 
sulphuretted  hydrogen,  and  evaporating  the  filtrate  out  of  contact  with 
the  air),  and  a  dark-coloured  glutinous  residue,  which  dissolves  in 
strong  alcohol.  On  treating  the  solution  with  sulphuretted  hydrogen, 
filtering  from  the  sulphide  of  lead,  and  evaporating  the  filtrate, />imcom»- 
tm  remains  behind,  and  may  be  purified  by  dissolving  it  in  alcohol, 
removing  the  undissolved  portion,  and  evaporating. 

The  solution  oontaimng  cortepinttannic  add  and  sugar  is  freed  from  the  fbnner  by 
precipitation  with  subacetate  of  lead,  which  throws  down  eortepimtmmaU  qf  Uad^  then 
filtered,  freed  from  lead  by  solphuretted  hydrogen,  and  evaporated  over  the  water-bath; 
sugar  then  remains  and  may  be  purified  from  a  smaU  quantity  of  pinipicrin  by  treatment 
with  anhydrous  ether-alcohol. 

Properties.  Black-brown,  glutinous  mass,  almost  wholly  soluble 
in  ammonia.  The  ammoniacal  solution  mixed  with  chloride  of  barium 
yields  red-brown  flocks  of  pinicorretin-harytd^  which  may  be  dried  in 
vacuo. 


Pinicorrttin'haryia, 

72  C  432  ... 

57  H 57  ... 

15  0  120  ... 

4  BaO 306  ... 


Kawalier. 

47-20     47-45 

6-23     6-45 

1312     13-18 

33-45     39-92 


<7»H«70«4BaO 915 


10000 


107-00 


JC^WO^  *»  3C9«H»0«,  therefore  isomeric  with  kinorous  add.    (Kawalier.) 

2.  Kawalier's  Redti  Jrom  IHnvs  .sylvestris.-^^JLdiWdXier^  Wien.  Akad. 
Ber.  11,  347.)  —  In  the  needles  of  Pinus  svlvestris  (see  page  33). 
The  compound  of  resin  and  lime  precipitated  by  chloride  of  calcium  in 
the  preparation  of  kinovous  acid,  dissolves  almost  completely  in  ether. 
The  ethereal  solution  is  separated  from  the  residue  by  filtration,  and 
evaporated ;  the  residue  is  treated  with  alcohol  of  40°,  which  dissolves 
the  whole,  excepting  the  lime  and  a  small  portion  of  the  resin ;  the 
solution  is  again  evaporated ;  and  the  residue  is  exhausted  with  water 
containing  hydrochloric  acid,  whereupon  chloride  of  calcium  passes 
into  solution,  while  a  brownish  yellow  resin  a  remains  behind,  which, 
after  washing  and  drying  at  100°,  has  the  consistence  of  castor  oil, 
and  after  cooling  is  brown  and  of  the  consistence  of  salve.  If  the 
resin  a  be  mixed  with  a  suflScient  quantity  of  hydrate  of  lime,  to  make 
it  appear  pulverulent,  then  distilled,  and  the  distillate  collected  in  two 
portions,  two  oils  are  obtained,  which,  after  rectification  with  water, 
drying  over  chloride  of  calcium  and  rectifying"  per  se,  constitute  the  oils 
b  and  c.  These  oils  twice  distilled  over  anhydrous  phosphoric  acid, 
yield  the  hydrocarbon  d» 


Resin  a.  Kaw. 

50  C  ....     77-30  ....  77-44 

40  H  ....     10-30  ....  10-63 

6  O  ....     12-40  ....  11-93 


Oil  b.  Kaw. 

30  C...     84-9  ....  84-92 

24  H...     11-3  ....  11-62 

1  O   ..       3-8  ....  8-46 


(HI  c,  Kaw. 

50  C  ...     86-2  ....  85-92 

40  H...     11-5  ....  11-43 

I  O...       2-3  ....  2-65 


CWH«0«  100-00  ....   10000      C»»HS*0  lOO'O    . .  10000      C»H«0  lOO'O  ....  lOO'OO 


Hydrocarbon  d, 

20  C  88-24 

16  H  11-76 


Kaw. 

88-14 
11-85 


C^'H»« 100-00     99-99 
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Resin  a  is  perhaps  a  mixture  of  C^WH)^  and  }  O^'H'H)* ;  the  oOa  b 
and  c,  mixtures  of  oxygenated  ana  non-oxygenated  oil,  the  former  of 
which  is  decomposed  by  distillation  over  phosphoric  anhydride. 
(Kawalier.) 

If  resm  a  in  the  fused  state  be  dropped  upon  soda-lime  heated  to 
220° J  a  thick  colourless  oil  passes  over,  which,  after  dehydration  over 
chloride  of  calcium,  has  the  composition  of  oU  e.  The  residue  dissolves 
partially  when  suspended  in  water ;  and  if  the  filtrate  be  precipitated 
by  hyiirochloric  acid,  the  precipitate  dissolved  in  potash-ley,  the  solution 
treated  with  animal  charcoal,  and  again  precipitated  with  hydrochloric 
acid,  resin  f  is  precipitated  as  an  ash-grey  powder,  which  softens  at 
100^,  and  dissolves  in  alcohol  and  in  alkaline  liquids.  The  undissolved 
portion  decomposed  by  dilute  hydrochloric  acid,  deposits  a  resin  nearly 
insoluble  in  potash,  sparingly  soluble  in  alcohol,  easily  in  ether ;  and 
the  ethereal  solution  treated  with  animal  charcoal,  filtered  and 
evaporated,  yields  resin  g,  which  is  light-yellow,  brittle,  and  softens 
at  100^. 


Oile. 

Kavr. 

Ruinf, 

Kaw. 

RBtin  g.               Kaw. 

100  C  .... 

8M  .... 

81-25 

50  C  ....     72-82  .... 

72-62 

10  C...    78-95  ....     7909 

84  H... 

11-4  .... 

11-75 

40  H  ....       9-71  .. 

9*82 

8  H       10-52  ....     10-90 

7  O.... 

7-5  .... 

7-00 

9  O  ....     17-47  .... 

17-66 

O        10-53  ....     1001 

C"»H«07  100-0  ....  10000    C»H«0»  10000  ....  10000    C^^^HH)  10000  ....  10000 

Hence  the  original  resin  splits  up  into  products  comparatively  rich 
and  comparatively  poor  in  oxygen.  Oil  e  is  perhaps  a  mixture  of 
C»H>«  and  C«H",  2H0.    (Kawalier.) 

8.  Beta-thuja  resin,  C*»H"0".  (Kawalier,  Wien.  Ahad.  Ber.  13-524.) 
The  two  resins  found  bj  Kawalier  in  the  green  parts  of  Thuja  oeciderUalis  are  here 
distingaished  as  Alpha- and  Beta-thuja  resin.  —  Obtained  in   the   preparation  of 

kinovouB  acid  as  described  at  page  33,  and  purified  by  solution  in  ether. 
Transparent  resin,  yielding  a  lemon-yellow  powder. 

Kawalier. 

40  C  240     ....     68-37     68  39 

23  H 23     ....       6-55     678 

no 88     ....     25-08     24-83 

C«H»0»    351     ....  10000    lOO'OO 

The  precipitate  which  is  thrown  down  by  cliloride  of  calcium  in  the 
preparation  of  kinovous  acid,  and  contains  the  alpha  resin,  dissolves 
for  the  most  part  in  ether,  and  remains  behind  when  the  ether  is 
evaporated ;  it  is  still  however  a  mixture  of  lime  and  several  resins, 
which  are  but  partially  separated  even  by  alcohol.    (Kawalier.) 


Oxygen-nucleus  C^II^'O*. 

Thymoilol. 

Laixemand.     N,  Ann,  Chim,  Phys.  49,  164. 

The  final  product  of  the  action  of  reducing  agents  on  thymotl,  (p.  36). 

D  2 


36  PRIMARY  NUCLEUS  C«H»:  OXYGEN-NUCLEUS  C?«H»«0». 

ColourleBS,  four-sided,  tasteless  prisms  which  melt  at  145'^  and 
distil  without  decomposition  at  290°. 

In  vacuo.  Lallemand. 

24  C  U4     ....     74-23     73-91 

18  H 18     ....       9-28     9-18 

4  O  32     ....     16-49     16-91 


CS*H»80« 194     ....  100-00    100-00 

Homologous  with  hydrokinone  (xi,  161),  and  related  to  thymoll   in  the   same 
manner  as  hydrokinone  to  kinooe. 

Converted  by  oxydising  agentSy  e,g.y  by  nitric  acid,  chlorine-water, 
nitrate  of  silver,  and  bichromate  of  potash,  first  into  thymeid,  then 
into  thymoil. 

Dissolves  sparingly  in  water^  very  easily  in  alcohol  and  in  ether. 


Thymoa. 
(?*ff •()*  =  C»*ff  •0»,0». 

A.  Lallemakd.  Compt  rend.  38,  1022 ;  /.  pr.  Chem,  62,  295 ;  Pharm. 
Centr.  1854,  513 ;  Report  by  Dumas  &  Bussy,  CompL  rend.  39, 
723 ;  Compt.  rend.  43,  375  ;  Fully  and  with  corrections  :  N.  Ann. 
Ckim.  Phys.  49,  163  ;  abstr.  Ann.  Pharm.  102,  119. 

Formation.  By  the  action  of  peroxide  of  manganese  or  chromate 
of  potash  and  sulphuric  acid  on  sulphothymic  acid  (xiii.,  419). 

Preparation.  Thymol  is  dissolved  in  excess  of  oil  of  vitriol;  the 
resulting  sulphothymic  acid  is  diluted  with  5  or  6  times  its  bulk  of 
water,  and  tins  liquid  is  distilled  with  peroxide  of  manganese.  Water 
then  passes  over,  together  with  formic  acid,  and  an  orange-coloured 
oil  which  soon  solidines,  while  in  the  retort  there  remains  a  solid  brown 
acid  which  dissolves  in  alcohol.  The  solidified  distillate  is  purified  by 
washing  with  water,  and  crystallised  from  ether-alcohol. 

Properties.  Pour-sided  laminae,  having  a  fine  orange-yellow  colour 
and  strong  lustre,  melting  at  48®  to  a  dark-coloured  liquid,  giving  off 
copious  vapours  at  100®,  and  boiling  with  partial  decomposition  at  230®. 
Heavier  than  water.  Has  an  aromatic  odour  like  iodine  and  chamo- 
mile. 


...     7500     .. 

....          O'lJu 

....     16-67     .. 

Lallemand. 

fllMfl. 

75-06 

8-07 

16-87 

....  10000     .. 

10000 

24  C  144 

16  H 16 

4  O  32 

CWH>«0*    192 

Homologous  with  kinone  (zi,  158). 

Decompositions.     1.  Thymoil  blackens  quickly  when  exposed  to  lights 
and  is  converted  into  a  mixture  of  oxythymoil,  thymoilol,  and  thymeid. 
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— 2.  It  is  partially  decomposed  by  distHUaion^  leaving  a  brown-red 
residue,  which  solidifies  to  a  bronze-coloured  mass  having  a  metallic 

lustre.       The  distiUiite  contains  a  little  ozythymon. —  3.    Thymoil  mixed   with 

aqueous  potash  rapidly  absorbs  oxygen  from  the  air,  and  is  converted 

into  thymoilate  of  potash,      l  at.  thymoil  takes  6  at.  oxygen. 

2CMH»«0«  +  120  =  C«H»0>«,3H0  +  HO. 

4.  By  hydrogen  in  the  nascent  state,  by  sulphurous  add,  ferrous  sulphate j 
or  stannous  chloride^  thymoil  is  converted,  first  into  thymeid,  then  into 
thymollol.  A  tlmiLur  action  may  likewise  be  exerted  by  the  aqucons  formic  acid  pro- 
dnoed  in  the  preparation  of  thymoil.  —  5.   Chlorine^  with  aid  of  heat,   slowly 

decomposes  thymoil,  forming  chlorinated  products. —  6.  Thymoil  absorbs 
amnumia  gaSy  and  is  converted  into  thymo'ilamide. 

Thymoil  dissolves  in  warm  oil  of  vitriol  and  in  warm  concentrated 
nitric  acid,  and  is  precipitated  in  its  original  state  by  water.  —  It  dis- 
solves sparingly  in  alcoholj  very  easily  in  ether. 


OzythymoiL 

G^HW^  =  C»*H»«0»,0*? 

Lallbmand.    N.  Ann.  Chim.  Phys.  49,  167  (see  page  86). 

i.  Thymoil  enclosed  in  a  sealed  tube,  is  exposed  for  some  days  to 
the  sun's  rays,  and  the  resulting  black  mass  is  washed  with  alcohol, 
which  dissolves  thymoilol  and  thymeid,  and  leaves  a  small  quantity  of 
oxythymoil  undissolved.  —  2.  In  the  dry  distillation  of  thymoi'l,  a 
small  quantity  of  oxythymoil  is  formed,  and  may  be  obtained  in  the 
separate  state  by  dissolving  out  the  other  products  with  alcohol. 

Properties.  Crystalline  powder  of  a  fine  lemon-yellow  colour, 
melting  at  190^ 


24  C 

16  H 

6  O 


Lallemand. 

144     .... 

69-23     .. 

69-25 

16     .... 

7-69    .. 

7-61 

48     .... 

2308     .. 

23-14 

C«H»«0« 208    ....  100-00    100-00 

Insoluble  in  water  and  in  aqueous  alkalis,  and  not  altered  by  the 
greater  number  of  reagents. 

Insoluble  in  alcohol,  very  slightly  soluble  in  ether. 


Appendix  to  OxythymoiL 

TbymoiOic  Acid. 

Lallehand.     N.  Ann.  Chim.  Phys.  49,  166. 
Compare  page  36. 

When  crystals  of  thymoU  are  shaken  up  with  potash-ley  in  contact 
with  the  air,  they  dissolve  with  red-brown  colour,  forming  thymoilate 
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of  potash,  which  may  be  obtained  pure  by  saturating  the  liquid  with 
carbonic  acid,  evaporating,  and  exhausting  the  residue  with  absolute 
alcohol.  —  Hydrochloric  acid  added  to  the  solution  of  thymoilate  of 
potash  throws  down  thymoilic  add  in  dirty  yellow  jSocks,  very  slightly 
soluble  in  water. 

The  thyimtlates  are  soluble  in  water,  excepting  the  lead  and  silver 
salts.  The  former  contains  43*02  p.  c.  oxide  of  lead,  and  is  therefore 
C«H"0»*,  3PbO  (calc.  4307  PbO).      (Lallemand.) 

Conjugated  Compound, 

Thymeid. 

Lallemand.    JV.  Ann,  Chim,  Phys,  49,  165. 

Formation  and  Preparation.  1.  By  bringing  thymoil  in  contact  with 
thymoilol.  If  the  two  bodies,  dissolved  in  boiling  alcohol  or  ether,  be 
mixed  in  equal  quantities,  the  mixture  instantly  assumes  a  blood-red 
colour,  and  yields  crystals  of  thymeid  by  cooling  or  evaporation.  — 
2.  Thymeid  is  the  first  product  formed  by  the  action  of  reducing  agents 
on  thymoil.  It  is  produced  for  example  by  sulphurous  add,  when 
crystals  of  thjonoil  are  thrown  into  it,  and  more  slowly  by  ferrous 
sulphate  and  stannous  chloride.  —  3.  Thymeid  is  also  the  first  product 
of  the  action  of  oxydising  agents  on  thymoilol  (p.  57). 

Properties,  Crystals  of  a  fine  violet  colour,  exhibiting  by  reflected 
light  a  bronze-coloured  metallic  reflection,  like  the  wings  of  beetles. 

Oxyarmdogen-nucleus  (?*AdHW. 

Thymoilamide. 

C**Nff '0»  =  C**AdH'«0». 
Lallemand.    N.  Ann,  Chim,  Phys,  49,  166. 

Thymoil  in  the  fused  state  slowly  absorbs  ammonia-gas,  and  is 
converted  into  a  dark  red  amorphous  mass,  which  is  hard  and  brittle 
at  common  temperatures,  but  softens  at  100^  and  may  then  be  drawn 
into  threads.     It  is  soluble  in  alcohol. 


Primary  Nucleus  Q^B.^ ',  Oxygen-nucleus  C^W^^I 

Globularetin. 

G.  F.  Walz.     N,  Jahrh,  Pharm,  13,  281. 

Produced,  together  with  paraglobularetin  and  sugar,  when  globu« 
larin  is  boiled  with  acids. 
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The  resin  obtained  by  boiling  globularin  with  dilute  sulphuric  acid 
is  washed  with  water  and  dissolved  in  alcohol ;  the  alcoholic  solution 
is  diluted  and  the  residue  treated  with  ether,  which  dissolves  the  glo- 
bularetin,  leaving  paraglobularetin  undissolved. 

White  powder,  melting  at  the  heat  of  the  hand. 


24  C 

14  H 

144     ....     69-90    

14     ....      6-79    

Wall. 
mean, 

..     70-04 
6*88 

6  O 

48     ....     23-31     

..     23-08 

C?*HMO« 

206     ...  100-00    

Paraglobularetin. 

...  100-00 

G.  P.  Walz.     N.  Jahrb.  Pharm.  13,  281. 

Produced,  together  with  globularetin,  by  boiling  globularin  with 
adds,  and  may  be  obtained  b^  solution  in  alcohol  and  precipitation  by 
water,  as  a  coloured  powder,  msoluble  in  ether. 


24  C 

16  H 

Dried. 

144    ....     64-28 

16    ....       714 

....     62-95 
....       7-17 
....     29-88 

Walz. 

64-07 
7-18 

8  O 

64     ....     28-58 

28-75 

C»*HWO»  ... 

224     ....  10000 

....  100-00 

100-00 

Walz  erroneously  calcalates  the  mean  of  hia  analyses  at  64*3  p.  c.  carbon.    (Kr.) 

Primary  Nucleus  (?*H" 

Maphthol. 

Occurs,  according  to  Pelletier  &  Walter,  in  the  naphtha  of 
Amiano  (xii.  439),  and  is  obtained  by  fractionally  distilling  rock-oil, 
which  has  previously  been  repeatedly  treated  with  cold  oil  of  vitriol, 
and  collecting  the  portion  which  passes  over  at  190®.  Vapour- 
density  =  5-3.  The  distillate  obtained  at  US''  consists  chiefly  of  naph- 
thene  C"H*',  which  has  a  vapour-density  of  4-0,  and  contains  84*6  p.  c. 
C  and  14-7  H.    (J.  Pharm.  26,  565.) 

PeUetier  &  Walter.  Vol.  Density. 

24  C «  144     ....     86-74     ....    85-54    C-vapoar  24     ....       9'9840 

22  H 22     ....     13-26    ....     1328     H-gaa 22     ....       15246 

C«H«  ....  166    ....  100-00     ....    98-77     Naphthol- vapour    2     ....     115086 

1     ....       5-7543 

The  sample  analysed  probably  contained  naphtbene  as  well  as  naphthol.  (Pelletier 
&  Waiter). 


40  OXYGEN-NUCLEUS  C«H»02. 

Oxygm-^uclmB  (?*H*0'. 

Wonnseed  OiL 

This  oil  belongs  to  the  24-carbon  group,  and  should  therefore  have 
been  treated  in  this  place,  instead  of  in  vol.  xiv.  p.  316.  Vapour- 
density  6-4  (C«*H»0«  =  6-24).  Sp.gr.  of  the  oil  at  13°=  0-9201. 
(Kraut.) 

Onocerin* 

C»*H«0«. 
Hlasfwibtz.     Wien,  Akad.  Ber.  15,  162. 
Occufrence.    In  the  root  of  Ononis  spinosa. 

Preparation.  The  root  is  boiled  with  alcohol;  the  dark  brown 
tincture  freed  from  alcohol  by  distillation ;  the  residue  evaporated  to  a 
syrup,  and  the  crystals  which  separate  after  some  days  are  collected, 
and  purified  by  pressing,  washing  with  cold  alcohol  and  recrystal- 
lisation  from  boiling  alcohol,  with  help  of  animal  charcoal. 

Properties.  Small,  hard,  very  light,  capillary  crystals,  having  a  fine 
satiny  lustre.  Tasteles  and  inodorous.  Becomes  strongly  electric  by 
friction.  Melts  when  heated,  and  soHdifies  in  the  crystalline  form. 
Neutral. 

Hlnsiwetz. 
at  100^  mean. 

24  C 144     ....     80-00    70-84 

20  H 20     ....     nil     11-31 

2  0 16    ....      8-89     8-85 

C"H»0«  180     ....  100-00    10000 

C^H^O,  according  to  Hlasiweti,  bat  doubled  here  according  to  the  lystem  of  the 
Handbook. 

Decomposition,  Gives  off  an  odour  like  that  of  incense  when 
heated ;  hums  with  flame  and  leaves  an  easily  combustible  charcoal.  — 
It  is  scarcely  altered  by  chlorine  at  mean  temperatures,  but  at  higher 
temperatures  it  is  converted,  with  evolution  of  hydrochloric  add,  into 
chloronocerin. 

Onocerin  is  insoluble  in  water ;  scarcely  altered  by  ammonia^  hydro^ 
chloric  acidy  or  potash-ley.  Its  alcoholic  solution  neither  reduces  nitrcUe 
of  silver,  nor  precipitates  other  metallic  salts. 

It  dissolves  in  oU  of  vitriol,  forming  a  yellowish  solution,  which  is 
not  altered  by  peroxide  of  manganese. 

It  dissolves  in  boiling  alcohol,  and  is  abundantly  precipitated  by 
water. 

It  dissolves  but  sparingly  in  ether,  easily  in  warm  oil  of  turpentine. 
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Oxygen-mcUm  C"H*H?. 

Parsley-camphor. 

Dehne  (1778).     CreU,  Chem.  J.  1,  40. 

BoLLE.     Br.  Arch.  29,  168. 

Bley.     N.  Tr.  14,  2,  134 ;  N,  Br.  Arch.  63,  267. 

Blanchet  &  Sell.     Ann.,  Pharm.  6,  301 ;  abstr.  N.  Br,  Arch.  24,  208  ; 

Eepert.  70,  163. 
Rump.     Repert.  56,  21. 
LowiG  &  Weidemakn.    Fogg.  46,  55 ;  abetr.  N.  Br.  Arch.  24,  208 ; 

Bq^ert.  70,  163. 
Loose.    N.  Br.  Arch.  63,  287. 

Siearoptme  of  til  ofPanUft  PeiersiUen'campher. 

Occurrence.  In  the  herb  and  seed  of  parsley  {Apium  Petroselmum. 
L.\  together  with  volatile  oil.  —  May  be  extracted  from  the  seed  by 
alcohoL    (Rump.) 

Preparation.  The  seed  (Pabitzky,  Braunschw.  Anz.  1754,  1205), 
or  the  fresh  herb  (Dehne),  is  distilled  with  water,  and  the  crystals 
which  separate  from  the  distillate  are  collected  (Bley,  Martins,  Repert. 
39,  246),  pressed  between  blotting  paper  (Bolle,  Rump),  and  recrystal- 
lised  from  alcohol  (Blanchet  &  Sell).  —  The  heavier  oil  which  paues  over 
towards  the  end  solidifies  after  half  a  year's  standing.  (Dehue.)  —  The  camphor  is 
chiefly  contained  in  the  oil  which  distils  over  with  the  water;  but  the  oil  which  goes 
over  in  the  early  part  of  the  distillation,  likewise  solidifies  partially.  (Rump.)  — When 
oil  of  parsley  is  fractionally  distilied  till  the  residue  solidifies,  itaX  residue  does  not 
contain  any  parsley  •camphor,  but  consists  merely  of  resin.  (L9wig  &  Weidmann.) 
—  The  watery  distillate  of  parsley -seed  deposits,  in  addition  to  the  camphor,  a  yellow 
powder,  formed  from  the  camphor  by  oxidation.     ^Loose.) 

Parsley  seed  yields  12*5  per  cent.  (?)  of  parsley-camphor  (Pabitsky);  0*21  per 
cent.  (Rump). 

Properties.  White,  slender,  six-sided  needles.  (Blanchet  &  SeU.) 
Prisms  2—6  inches  long,  with  their  terminal  faces  truncated  (Bley),  and 
having  a  silky  lustre.  (Rump.)— Heavier  than  water.  (Bolle.) — ^Melting 
point  30°.  (Blanchet  &  Sell;  Rump.) — Boils,  with  decomposition  at 
about  300^.  (Blanchet  &  Sell.)  —  Not  sublimable  (Blanchet  &  Sell) ; 
partially  (Bley).  —  Solidifies  at  21°  (Bkuichet  &  Sell) ;  at  18®,  however,  if  it 

haa  been  previously  heated  to  the  boiling  point  (Blanchet  &  Sell) ;  at  6*3°,  forming 

a  white,  pearly  mass.  (Loose.)  Makes  spots  on  paper,  which  are  difficult 
to  remove.  (Loose.)  Has  a  faint  odour  of  parsley,  and  a  burning 
camphorous  taste,  with  irritating  after-taste.     Neutral. 


24  C 

....   144 

....     64-86 

6-30 

....     28-84 

Bkmcbet  &  Sell. 
mean. 

64-62 

14  H 

....     14 

6*39 

8  O 

...     64 

28-99 

C?^H"0»  .... 

....  222 

....  10000 

10000 

42  .   OXYCHLORINB-NUCLEUS  C«CPH«K)«. 

Decompositions,  1.  When  fieated,  it  melts,  turns  brown,  g^ves  off  irri- 
tating vapours,  and  volatilises,  depositing  on  the  glass  tube  drops  of 
liquid,  which  solidify  in  the  crystalline  form.  (Bley,  tnd,  tup,)  — 
2.  When  set  on  fre,  it  bums  with  a  slightly  smoky,  feebly  luminous 
flame.  (Loose.) — 3.  Detonates  sharply  with  ftrowm^. — 4.  Triturated 
with  iodine  and  then  warmed,  it  yields  a  brown  viscid  mass  soluble  in 
alcohol.  (BoUe.) — ^5.  With  strong  nitric  acidy  it  becomes  heated,  gives 
off  nitrous  acid  and  forms  a  yellowish  solution  (Bolle),  containing  oxalic 
acid  (Rump) ;  not  containing  oxalic  acid.    (Martins.)    The  BoludoD  mixed 

with  water  deposits  a  yellow  resinous  powder.  (Bolle.)  The  solution  of  the  camphor 
in  fuming  nitric  acid,  the  formation  of  which  is  attended  with  effervescence,  is  not  pre- 
cipitated by  water  or  aqeous  ammonia.     (Bley.)  —  6.    Parsley-Camphor  is    not 

altered  by  cold  oil  of  vitriol,  but  hot  oil  of  vitriol  colours  it  dark  red,  and 
at  higher  temperatures  brown.    (Bley.) 

Combinations,  With  Oxygen  f  —  Parsley-camphor  appears  to  be 
converted,  by  absorption  of  oxygen,  into  a  yellow  body,  which  is 
deposited,  together  with  the  camphor  itself,  in  old  parsley-water. 
(Loose.)  —  This  yellow  body  is  pulverulent,  and  nearly  tasteless,  but 
leaves  a  slightly  bitter  after-taste.  When  heated,  it  melts,  gives  off 
choking  vapours,  loses  its  yellow  colour,  which,  however,  may 
be  restored  by  rubbing,  breathing  upon,  or  moistening  the  solidified 
mass ;  at  a  stronger  heat,  it  sublimes,  and,  when  set  on  fire,  bums 
with  flame,  leaving  a  residue  of  charcoal.  Strong  nitric  acid  colours 
it  yellow  and  then  dissolves  it,  with  evolution  of  nitrous  add ;  fumins^ 
nitric  acid  chars  it.  It  dissolves  in  acetic  acid,  also  in  cold  alcohol 
and  more  freely  in  warm  alcohol,  but  less  so  than  parsleycamphor ; 
the  solution  is  rendered  turbid  by  water.  The  yellow  substance  dis- 
solves in  eth^r.    (Loose.) 

Parsley-camphor  dissolves  slightly  in  cold  water  (Bolle,  Rump); 
more  easily  in  hot  water,  slightly  in  hydrochloric  acid^  aqueous  potash  and 
ammonia.     (Bley.)     It  is  not  soluble  in  aqueous  potash.    (Bolle,  Loose). 

It  dissolves  readily  in  absolute  alcohol^  less  in  alcohol  of  sp.  gr. 
0*87.  (Bolle.)  This  solution  yields  a  crystalUne  precipitate  with 
water  (Bley\  and  a  yellow  powder  by  spontaneous  evaporation. 

It  dissolves  in  ether,  and  in  oils,  both  fixed  and  volatUe.  (Bolle, 
Loose.) 


Oxychlorine-nucleus  C**Cl*ff  «0*. 

Chloronocerin. 

C"CPff«0». 

Hlasiwetz.     Wien.  Ahad.  Ber.  16,  163. 

Chlorine  gas  is  passed  over  onocerin  heated  by  the  water-bath,  and 
the  mass,  which  becomes  somewhat  brown,  fusible  and  amorphous,  is 
pulverised,  and  again  exposed  to  the  action  of  the  chlorine,  which  is 
ultimately  supported  by  heating  the  resin  in  a  salt-bath,  as  long  as 
hydrochloric  acid  continues  to  form.     The  resulting  resinous  mass  is 
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purified  by  repeated  solution  in  ether,  till  it  is  left  by  the  evaporation 
of  the  ether  in  the  form  of  a  white  powder. 

Chloronocerin  melts  on  platinum,  and  bums  with  an  odour  of  resin 
and  hydrochloric  acid.  —  In  warm  nitric  add,  it  melts  and  oxidises.  — 
It  is  turned  brownish  by  oil  of  vitriol^  and  afterwards  not  further  altered 
by  peroxide  of  mangujiese.  It  is  insoluble  in  water^  ammonia^  potash-lei/  or 
alcohol;  very  easily  in  ether. 

at  100**.  Hlanwetz. 

24  C  * 144     ....  57*8  67*4 

2  CI 71     ....  28-4  27-5 

18  H 18     ....  7-2  7-1 

2  0 16     ....  6-6  8-0 


C«Cra»80»  249     ....  100-0     1000 

Primm^y  Nucleus  C**H**. 

Lethal. 

Heintz.  Pogg,  93,  519 ;  abstr.  Ann,  Pharm.  92,  299 ;  BerL  Akad.  Ber, 
1854,  562;  J.pr.  Ckem.  63,  864;  Phami.  Centr.  1854,  d07.  — J.  pr. 
Chern.  66,  19. 

Not  obtained  io  the  pure  state. — In  the  saponification  of  commercial 
spermaceti,  salts  of  steaiic,  palmitic,  myristic,  and  lavric  acids  are 
obtained,  together  with  crude  ethal.  When  the  latter  is  reciystallised 
from  alcohol,  pure  ethal  CEPK)*  crystallises  out,  whilst  the  homologous 
compounds,  stethal  C»H"0»,  methal  C»H«°0»,  and  lethal  C»*H»0», 
remain,  in  smaller  quantity,  in  the  mother-liquors,   inasmuch  as  the 

alcohols  obtained  from   these  mother-liquors  (after  remoral  of  the  admixed 
Iktty  acids  by  repeated  treatment  with  alcoholic  potash  and  addition  of  water)  yield, 

when  heated  to  275"— 280**  with  potash-lime  as  long  as  hydrogen 
continues    to  escape,    stearic,    pahnitic,    myristic  and  lauric  acids. 

(Heintz.)    Compare  also  Scharling  (.^nn.  Pharm,  96,  236)  &  Heints's  reply  {Ann. 
Pharm.  97,  271). 

Laurie  Aldehyde. 
C»*BP*0»  =  C"H",0*. 

Exists,  according  to  6r.  Williams,  in  the  portion  of  volatile  oil  of 
rue  which  distils  at  232°  (see  xiv.  489.). 

Laurie  Aeid. 

C»*H"*0*  =  C»*H^O*. 

Marsson  (1842).     Ann.  Pharm.  41,  33. 
Sthameb.     Ann.  Pharm,  53,  393. 


44  PRIMARY   NUCLEUS  C**H«. 

Gorget.     Ann.  Pharm.  66,  303 ;  Pharm  Ccntr.  1849,  8 ;  N.  Ann,  Ckim. 

Pht/8.  25,  102. 
Heintz.    Pogg.  92,  429  &  583 ;  Berl.  Akad,  Ber.  1854,  207 :    Ann. 

Pharm.  92,  291 ;  J.  pr.   Chem.  62,  349  &  482 ;  63,  162 ;  N.  Phil. 

Mag.  J.  9,  74 ;  N.  J.  Pharm.  26,  313.  —Po^^r.  93,  519 ;  Berl.  Akad. 

Ber.  1854,  562 ;  J.  pr.  Chem.  63,  364 ;  Lieb.  Kopp.  Jahresher.  1854, 

456  &  460.  —  Collection  of   Heintz's  Researches  on  the  Fats: 

J,  pr.  Chem.  66,  1. 
A.  C.  OuDEMANS,  JuN,    /.  pr.  Chem.  81,  356  &  357. 

Laurottearic  acid  (Marsson).    PiehurinUalgidure  (Sthamer).    PekurinudMre. 

Sources.  In  the  fat  of  the  bay-tree  (Marsson) ;  in  the  fat  of  pichu- 
rim  beans  (Sthamer) ;  also  in  the  volatile  oil  of  these  beans.  (AL  Miil- 
ler,  J.  pr.  Chem.  58,  469.)  In  small  quantity,  together  with  many  other 
acids,  in  spermaceti  (Heintz),  in  croton  oil  (SchHppe,  Ann.  Pharm.  105, 
14),  in  the  fruit  of  CyUcodaphne  sebifera.  (Gorkom,  Tydschrift  f.  NeerL 
Indie.  81,  410.)  —  In  the  fruit  of  Mangifera  Crahonensisy  the  so-called 
Dika  bread,  together  with  myristic  acid,  but  unaccompanied  by  any 
other  acids.  (Oudemans.)  In  the  Age  or  Axin  of  the  Mexicans,  a 
salve-like  fat  obtained  from  Coccus  Axin.  (Hcppe,  J,  pr.  Chem.  80, 102.) 

In  cocoa-nut  oil.    (Gorgey,  Oudemans.)    This  oil  oontaiusi  according  to 

Brandes  {N.  Br.  Arch.  65,  115),  a  solid  fat^y  acid,  melciog  between  25'^  and  27°  « 
cocinic  acid,  or,  according  to  Pelonze  &  Boudet,  elai'dic  acid.  Bromeis  {Aim.  Pharm. 
35,  277)  designated  the  acid  oielting  at  35**,  obtained  by  repeatedly  crystallising  the 
fatly  acids  of  cocoa-nut  oil,  as  eocostearie  aeidt  and  assigned  to  it  the  formula  C^H^O*, 
which  Heintz  (who  thought  that  he  had  prcYiously  [Pogg.  87«  21,  and  267]  found  this 
acid  in  spermaceti),  by  calculating  from  the  new  atomic  weight  of  carbon,  altered  to 
C^H^O^.  The*  latter  acid  Heintz  designates  as  cocintc  acid.  St.  Evi-e's  cocinic  acid 
(A^.  Arm,  Chim,  Phys.  20,  91),  likewise  from  cocoa-nut  oil,  is  prepared «s  follows: — 
The  oil  is  saponified  ;  the  acids  separated,  pressed,  crystallised  from  alcohol,  dissolved  in 
soda-ley,  and  precipitated  with  acetate  of  lead ;  the  precipitate  exhausted  with  ether ; 
and  the  residue  decomposed  by  tartaric  acid.  According  to  St.  Evre,  it  is  composed  of 
(3S2HS2Q4^  and  melts  at  34*7^  But  according  to  the  investigations  of  Gorgey  and  Oude- 
manns,  which  agree  with  each  other,  cocoa-nut  oil  does  not  contain  any  acid  po.  sessing 
the  properties  assigned  by  Brandes,  Bromeis,  or  St.  Evre  to  cocinic  acid ;  the  oil  appeaht 
rather  to  contain  small  quantities  of  palmitic  and  myristic  acids,  together  with  large 
quantities  of  lauric,  capric,  caprylic,  and  caproic  acids,  the  last  two  having  been  pre- 
viously found  in  it  by  Fehling.  Respecting  the  former  results,  see  Oudemans  (/.  pr. 
Chem.  81,  367.) 

Formaticm.     By  heating  ethal  with  potash-lime  to  276°  —  280% 

(Heintz,  Scharling*.)  According  to  Heintz,  it  is  produced  only  from  mixed  (crude) 
ethal,  inasmuch  as  this  substance  contains  lethal  (p.  43). 

C«H»08  +  KO,HO  =  C«<HaKO*  +  H*  (Heintz); 

but,  according  to  Scharling,  it  is  obtained  from  the  ethal  itself  C*^H*^0^,  which,  accord- 
ing to  him,  is  decomposed  by  heating  with  potash-lime,  in  such  a  maimer  as  to  yield 
stearic,  palmitic,  myristic,  lauric  and  butyric  acids.  (Scharling,  Ann.  Pharm.  96,  236 ; 
HeinU,  Ann.  Pharm.  97,  271.) 

Preparation.  1.  From  Bay -fat.  Laurostearin  from  01.  laurin 
ungmnos.  Is  saponified  with  potash-ley,  the  soap  is  separated  by 
common  salt,  and  its  hot  aqueous  solution  is  decomposed  with  tartaric 
acid.  The  lauric  acid  then  rises  to  the  surface  in  the  form  of  an  oil 
which  solidifies  on  cooling,  and  is  freed  from  adhering  tartaric  acid  by 
rcpcated  fusion  with  water.     (Marsson.) 
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2.  From  Pichurim  beans,    Laurostearin  from  FabcB  pichurim  maj,  is 

Tnified  with  potash-ley  till  a  clear  soap- jelly  is  formed ;  common 
is  added,  and  the  white,  brittle  soda-soap  thus  produced  is 
dissolved  in  boiling  water,  and  supersaturated  at  the  boiling  heat 
with  hydrochloric  acid ;  lauric  acid  then  rises  to  the  surface  as 
a  colourless  oil,  which  on  cooHng  solidifies  to  a  white  crystalline  mass. 
It  is  freed  from  hydrochloric  acid  by  repeated  washing  with  water 
and  purified  by  repeated  crystallisation  from  weak  alcohol.  (Sthamer.) 
8.  From  Cocoa-nut  oil.  The  oil  is  saponified  with  weak  potash-ley ; 
the  soap  decomposed  by  dilute  sulphuric  acid,  and  the  mixture 
distilled  as  long  as  fatty  adds  pcbss  over,  the  water  being  repeatedly 
poured  back.  The  distillate  neutralised  with  potash  solidifies  on 
evaporation  to  a  gelatinous  soap,  which  is  separated  by  common  salt, 
repeatedly  dissolved  in  potash,  and  again  separated  with  salt,  to  free  it 
from  the  fatty  acids  which  can  be  thus  removed,  and  again  decomposed 
with  dilute  sulphuric  add.  It  is  then  neutralised  with  ammonia ;  the 
solution  precipitated  by  chloride  of  barium;  the  hquid  strained  off;  and 
the  baryta-salts  whidi  remain  repeatedly  boiled  with  water.  The 
resulting  solutions,  as  they  run  from  the  funnel,  immediately  deposit 
loose  flocks  of  laurate  of  baryta,  and  the  liquid,  as  it  cools  down, 
becomes  turbid  and  deposits  pulverulent  caprate  of  baryta.    (Gorgey ; 

oomp.  also  Prepf  5.) 

4.  From  Spermaceti,      The    saponification   of  this    substance    yields,    besides 
ethaly  considerable  quantities  of  stearic,   palmitic^   and  myristic  adds,   and  smaller 

quantities  of  lauric  acid — The  solution  of  10  Ibs.  of  purified  spermaceti  in 
80  lbs.  alcohol  is  boiled  for  some  time  with  4^  l!)s.  caustic  potash 
previously  dissolved  in  alcohol ;  the  solution  precipitated  with  aqueous 
chloride  of  barium,  and  strained  while  hot;  the  still  warm  residue 
pressed  as  strongly  as  possible  in  a  warmed  press ;  then  well  moist- 
ened with  alcohol  and  again  pressed ;  the  alcohol  distilled  off  from  the 
solutions ;  the  residue  freed  from  the  whole  of  the  soluble  matter  by 
repeated  treatment  with  ether;  and  the  portion  insoluble  in  ether 
added  to  the  baryta-salts  previously  obtained.  In  this  manner  are 
obtained,  on  the  one  hand,  crude  ethal,  on  the  other,  the  baryta-salts 
of  the  fatty  adds  of  spermaceti. 

The  baryta-salts  suspended  in  water  are  boiled  with  very  dilute 
hydrochloric  acid,  till  the  supernatant  oily  layer  appears  perfectly 
clear;  the  fatty  acids  thus  obtained  are  dissolved  in  alcohol;  the  so- 
lution is  left  to  cool;  and  the  crystals  which  separate  are  pressed,  first 
alone,  then  several  times  after  being  moistened  with  alcohol,  whereby 
a  mixture  of  palmitic  and  stearic  acids  is  obtained,  while  a  portion  of 
these  two  acids  and  the  whole  of  the  myristic  and  lauric  adds 
remain  in  solution. 

The  whole  of  the  mixed  alcoholic  solutions  are  heated ;  a  concen- 
trated aqueous  solution  of  acetate  of  magnesia  is  added,  so  as  to 
precipitate  about  -^  of  the  quantity  of  fatty  acids  present ;  the  pre- 
dpitate  which  forms  on  cooling  is  separated  by  filtration ;  acetate  of 
magnesia  is  added  to  the  filtrate  in  about  the  same  quantity  as  before ; 
and  the  same  treatment  is  repeated  (the  liberated  acetic  acid  being 
neutralised  towards  the  end  with  ammonia),  till  acetate  of  magnesia 
no  longer  forms  any  precipitate,  even  in  presence  of  excess  of  ammonia. 
In  this  manner  a  number  of  magnesia-salts  (19)  are  obtained,  from 
which  stearic,  palmitic  and  myristic  acids  may  be  separated,  by  pro- 
cesses to  be  hereafter  described  in  connection  witli  these  acids. 


46  PRIMARY  NUCLEUS  C^H**, 

The  alcoholic  solution,  from  which  eveiything  precipitable  by 
acetate  of  magnesia  in  presence  of  excess  of  ammonia  has  been  thus 
removed,  still  retains  lauric  acid  together  with  myristic  and  oleic  acids. 
It  is  precipitated  with  acetate  of  lead ;  the  precipitate  is  washed  with 
dilute  alcohol,  dried,  and  freed  from  a  small  quantity  of  oleate  of  lead,  by 
treatment  with  ether ;  and  the  undissolved  portion  is  decomposed  by 
prolonged  and  repeated  boiling  with  very  dilute  hydrochloric  acid, 
whereby  a  mixture  of  acids  melting  at  39*7®  is  separated.  By  repeatedly 
crystallising  this  mixture  from  alcohol,  as  long  as  the  separated  acid 
e3&iibits  a  rise  of  melting  point,  lauric  acid  is  ultimately  obtained, 
melting  at  43 '6°,  and  not  capable  of  further  decomposition  by  partial 
precipitation  with  acetate  of  baryta,  while  myristic  acid  remains  in 
solution.     (Heintz.) 

5.  From  spermaoeti  or  other  fata  containing  lauric  acid,  provided  they  are  free 
from  oleic  acid,  or  this  acid  hag  heen  removed  by  the  process  to  be  described  below.— 

The  fat  is  saponified  with  (alcoholic)  potash ;  the  fatty  acids  are  sepa- 
rated from  the  ethal  or  the  glycerin,  as  above  described,  and  dissolved 
in  10  pts.  of  hot  alcohol;  the  solution  is  left  to  cool  slowly  in  a  cellar; 
and  the  fatty  acids  which  crystallise  out  are  separated  by  filtration 
and  pressure.  The  mother-liquor  is  dilated  with  an  equal  quantity  of 
boiling  alcohol  and  supersaturated  with  ammonia ;  acetate  of  magnesia 
is  added  in  excess  to  remove  a  certain  portion  of  the  fatty  acids  ;  the 
alcohol  distilled  off  from  the  filtrate;  the  remaining  salts  decomposed 
by  boiling  with  dilute  hydrochloric  acid;  the  separated  acids  re- 
dissolved  in  a  quantity  of  hot  alcohol  sufficient  to  retain  them  in 
solution  after  cooling;  and  a  concentrated  solution  of  acetate  of 
baryta,  equal  to  about  ^  of  the  weight  of  the  fatty  acids,  is  repeatedly 
added,  as  long  as  a  precipitate  is  thereby  formed  on  cooling.  The 
precipitates  last  obtained,  which  cbntain  chiefly  lauric  acid,  are  sepa- 
rately decomposed  by  boiling  dilute  hydrochloric  acid,  and  each  portion 
of  acid  thereby  Uberated,  whose  melting  point  lies  above  43"6  ,  is  se- 
parately and  repeatedly  cirstallised  from  diluted  alcohol  till  its  melting 
point  has  risen  to  43'6  .    (Heintz.) 

If  the  fat  contains  oleic  acid,  it  is  saponified,  the  fatty  acid  is  sepa- 
rated and  mixed  with  a  small  quantity  of  hot  alcohol,  and  the  solid 
portions  are  removed  by  submitting  the  cooled  mass  to  pressure. 
The  mother-liquor  (together  with  the  alcohol  used  for  washing  the 
separated  acids)  is  precipitated  with  ammonia  and  neutral  acetate  of 
lead ;  the  washed  and  dried  lead-salts  are  completely  freed  from 
oleate  of  lead  by  means  of  ether ;  the  undissolved  portion  is  decom- 
posed by  boiling  hydrochloric  add ;  and  the  separated  fatty  acids  are 
treated  as  above.  (Heintz.)  In  this  manner  pure  lauric  add  is 
easily  obtained  from  cocoa-nut  oil  (which,  according  to  Oudemans,  does 
not  contain  oleic  acid).  If  the  adds  dissolved  in  alcohol  be  predpitated 
in  small  portions  with  acetate  of  baiyta,  the  first  portions  contain 
palmitic  and  myristic  acids,  and  from  the  remaining  h'quid,  lauric 
acid  may  be  obtained  by  repeated  fractional  precipitation  or  by  crys- 
tallisation in  the  cold.     (Oudemans.) 

Properties,  Lauric  acid  solidifies  after  fusion  to  a  scaly  crystalline 
mass,  exhibiting  a  laminated  texture  on  the  fractured  surface. 
(Heintz.)  Brittle.  (Sthamer.)  Crystallises  from  alcohol  (only  from 
weak  alcohol  accoroing  to  Sthamer,  from  stronff  alcohol  not  till 
cooled  to  0® :  Gorgey,  Heintz)  ;  in  white,  silky  neecffes,  united  in  tufts 
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( 
(Sthamer) ;  in  prickly  glandular  masses  of  the  size  of  hazel-nuts  | 

(Gorgey) ;  in  nearly  translucent  scales  (Heintz).  It  melts  to  a  colour- 
less oil  at  43-6°  (Heintz),  42°— 43°  (Marsson,  Gorgey),  43°  (Sthamer), 
45°  (Miiller),  43-8°  (SchUppe),  43-5"  (Oudemans).  —  The  alcohoUc 
solution  has  a  slight  acid  reaction.  Sp.  gr.  0*883  at  20°.  (Gorgey.) 
When  tailed  with  water,  it  volatilises  with  the  vapour.  (Gorgey, 
Oudemans.) 

MansoD.  Sthamer.    G<$rgey.     Heintz.  Oudemans. 

mean,     at  120"* 
a.  b, 

24  C  144....    72-00....    72-09....    7206....    71-88....    71-92....    7201....    72-00 

24  H 24....    1200....    1204....    11-93....    11-95....    1208....    12-18...    1217 

4  0  32....    1600....    15-87....    16-01....    16-17....    1600...    15-81....    15-83 

C»*H»*O*....200  ....  100-00 ....  100-00  ....  10000  ....  10000  ....  100-00  ....  10000 ....  100-00 

Manaon  analyaed  laurio  acid  from  the  fat  of  the  hay-tree;  Sthamer,  that  from 
pichurim  heans ;  GOrgey,  that  from  cocoa-nut  oil ;  Heintz,  that  from  spermaceti ;  Oude- 
mans, a.  that  from  Dika  hread ;  b»  that  from  cocoa-nut  oil.  On  the  formula,  see  also 
Pohl  {Wien,  Akad,  Ber,  10,  485.) 

Isomeric  with  horddc  acid. 

By  the  distillation  of  its  lime-salt,  lauric  acid  is  resolved  into  lau- 
rostearone  and  carbonate  of  lime.    (Overbeck.) 

2C24H«04  »  C«HWO»  +  2CO>  +  2H0. 

Laurie  add  is  perfectly  insoluble  in  water,    (Heintz.) 

Laurate  of  Soda. —  Lauric  acid  is  added  to  a  boiling  concentrated 
solution  of  carbonate  of  soda,  perfectly  free  from  sulphate  and  chloride, 
in  quantity  not  quite  sufficient  for  complete  saturation ;  the  liquid  is 
evaporated  over  the  water-bath ;  the  soap  which  remains  is  dissolved 
in  absolute  alcohol,  and  the  filtrate  is  evaporated  to  dusty  dryness. 
(Marsson,  Sthamer.) — White  powder,  whose  alcoholic  solution  solidi- 
fies on  cooling  to  a  white  opaque  jelly.  (Sthamer.)  The  alcoholic 
solution  becomes  turbid  when  largely  diluted  with  water.    (Marsson.) 

Marsson.      A.  Miiller. 
at  100'.        at  100**. 

NaO  31     ....     13-96     ....     13-86     ....     13-69 

C«H«0'   191     ....     86-04 

C«NaH»0<  222     ....  10000 

Laurate  of  Baryta,  — Preparation  (p.  45).  Fine,  light,  white  nacreous 
powder,  consisting  of  microscopic  laminsB.  (Heintz.)  —  Light,  thin 
nacreous  laminae,  presenting  under  the  microscope  the  appearance  of 
tables  made  up  of  slender  crystalline  needles,  somewhat  curved.  (A. 
Miiller.)  Crystallises  on  cooling  from  a  boiling  saturated  aqueous  solu- 
tion in  snow-white  flakes.  The  saturated  alcohoUc  solution  becomes  filled, 
on  cooling,  with  delicate  crystalline  spangles,  which,  after  drying  at 
100%  resemble  caprate  of  baryta.  (Gorgey.)  It  is  wetted  by  alcohol  and 
ether,  but  not  by  water.  (Gorgey.)  — Dissolves  in  10,864  pts.  of 
water  at  IT'S^  in  1982  pts.  boiling  water,  in  14G8  pts.  cold  and  211  pts. 
hot  alcohol.     (Gorgey.)    Decomposes  before  melting.     (Heintz.) 
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24  C    

28  H  

• 

...  144 
...     23 

....     53-81 
....       8-60 
....      8*97 
....     28-62 

GUrgev*        Ueints. 
....     53-93     ....     63-65     .. 
....       8-67     ...       8-60     .. 

....     28-45     ....     28-41     .. 

F.  Hoppe. 

54-48 

8-61 

3  0 

BaO   

...     24 

...     76-6 

9-25 

27-66 

C*»HMBaO* 

...  267-6 

....  100-00 

....  100-00     ....  10000     ... 

10000 

Contains  28-82  per  cent.  baryta^AL  Miiller). 

Laurate  of  Lime.  —  White  precipitate,  obtained  by  mixing  the  solu- 
tions of  laurate  of  soda  and  chloride  of  calcium. 

Laurate  of  Lead.  —  Snow-white,  loose,  amorphous  powder,  (Heintz.) 
Laminae,  having  a  beautiful  nacreous  lustre.  (Miiller.)  Melts  between 
110**  and  120°,  and  solidifies  to  a  dull,  amorphous  mass.  (Heintz.) 
Melts  below  100°  to  a  colourless  liquid,  which  solidifies  in  the  crys- 
talline form  on  cooling.  (Miiller.)  Insoluble  in  water.  Insoluble  in 
cold,  sparingly  soluble  in  boiling,  alcohol.    (MuUer.) 

Heints.  Mttller. 


w4     V     ..••§..•••. 

23  H 

144 

23 

....     47-59 

7-60 

....     34-24 

....     10-57 

....     47-03 
....       7-59 
....     94-49     .... 
....     10-89 

Pb    

4  0 

103-8 

32 

....     34-22 

C»*H»PbO*  302-8     ....  100-00     ....  100-00 


Laurate  of  Copper,  —  Obtained  by  precipitating  the   hot  alcoholic 
solution  of  the  soda-salt  with  aqueous  sulphate  of  copper.  (Oudemans.) 


24  C 

23  H 

....  144 
....     23 

....     62-34     . 

....                V    v*> 

....     17*31     . 
....     10-40    . 

Ottdemana. 

62-34 

10-03 

CuO 

3  0 , 

....     40 
...     24 

17-24 

:o-39 

C»HaCuO<  .... 

....  231 

....  10000     . 

100-00 

Laurate  of  Silver.  —  The  solution  of  the  soda-salt  in  weak 
alcohol  is  precipitated  with  nitrate  of  silver,  and  the  bulky  preci- 
pitate is  collected,  washed,  and  dried.  (Marsson,  Sthamer.)  White 
powder,  consisting  of  slender  microscopic  needles.  (Heintz.)  Dis- 
solves easily  in  ammonia,  and  ci-ystallises  from  the  hot  concentrated 
solution  in  very  small  needles.  (Marsson.)  Not  altered  by  light 
(Mai-sson),  scarcely  (Sthamer,  Heintz.)  Decomposes  before  fusion. 
(Heintz.) 


Marsson.       Sthamer.        Heints.       Oademans. 


24  C 
23  H 

Ag 
40 


at  100^        at  lOO*. 

* 

144 

....     46-91 

....     47-34     ....     47-01     ....     46-69    .... 

...     47-60 

23 

....       7-49 

....        7*00     ....        7*4o     ....        7'4o    .... 

....       7-84 

108 

....     05-]  0 

....     34-68     ....     3516     ....     3521    .... 

....     34-82 

32 

....     10-42 

....     10-40     ....     10-35     10-62    .... 

....       9-74 

C«*H«AgO< 307     ....  100-00     ....  10000     ....  100-00     ....  10000    10000 

Laurie  acid    dissolves  very  easily  in  strong  alcohol  and  ether, 
(Marsson  &  Sthamer.) 
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Hordeic  Acid. 

C«H«0*  =  C»*H«,0*. 

Pr.  Beckmann.    J,  pr,  Chem.  66j  52 ;   abstr.  N.  Ann.   Chinu  Phys. 
46,  226* 

When  dried  barley  is  heated  with  o3  of  vitriol  and  water,  as  in 
Emmet's  method  of  preparing  formic  acid  (vii.  273),  hordeic  acid 
passes  over  together  with  aqueous  formic  acid  and  furfurol,  and  sepa- 
rates from  the  distillate  in  white  laminsB.  These  arc  collected, 
washed,  repeatedly  crystallised  from  alcohol,  and  freed  from  water  by 
fusion  in  an  air-bath. 

Properties.  White  crystalline  laminae,  melting  at  60°  to  a  colourless 
oil,  which  solidifies  at  55^.  Permanent  in  the  air.  Makes  grease 
spots  on  paper.    Acid. 

Beckmaniu 

24  C 144    ....    72*00    71'31 

24  H 24     ....     12-00     12-68 

4  0 32    ....     16-00     16-01 

C**H>*0*  200    ....  100-00    100-00 

So,  aooonting  to  Beckmann.  Wurtz  [N,  Ann.  Chim.  Phy»,  46,  226),  rightly  regards 
the  aepante  identity  and  the  formula  of  thia  acid  as  donbtfol. — Isomeric  with  lauric 
aoid. 

Decampositions.  Burns,  without  residue,  when  heated  on  platinum 
foil.  —  Not  altered  by  cold  oil  of  vitriol,  but  carbonised  by  that  Hquid 
when  hot.    Decomposed  by  hot,  but  not  by  cold  nitric  acid. 

Combinations.  Insoluble  in  water.  In  contact  with  alkalis  or  their 
carbonates,  it  forms  salts  which  dissolve  in  water  and  alcohol,  forming 
solutions  which  froth  like  soap  and  are  precipitated  by  conunon  salt. 

Hordeate  of  Silver.  .Obtained  from  the  ammonia-salt  by  precipitation 
with  nitrate  of  silver.  Contains  34-79  p.  c.  silver,  (calc.  C'*AgII'H}* 
=  35-18  p.  c.  Ag.) 


Conjugated  Compounds  of  Lauric  Acid. 

Laurate  of  Ethyl. 

C»H"0*  =  C»*H»0»,C*HK). 

A.  GoBGET.     Ann.  Pharm.  eSy  306 ;  Pharm,  Centr.  1849,  8 ;  K.  Ann. 

Chim.  Phys.  25,  102 ;  Lieb.  Kopp.  Jahresh.  1847  —  1848,  560. 
Delffs.     N.  Jahrb.  Pharm.  1,  25 ;    Ann.   Pharm.   92,  277 ;     Pharm. 

Centr.  1854,  276 ;  Lieh.  Kopp.  Jahresh.  1854,  26  and  458. 

Pi^hurati  of  Ethylj  Lauric  or  Piekuric  ether^  PiekurimtalgsaureB  jSthyloxyd^ 
LaurinoineMterm 

VOL.  XV.  B 
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Separates  partially  when  hydrochloric  acid  gas  is  passed  into 
alcoholic  lauric  acid,  completely  on  subsequent  addition  of  water,  in 
the  form  of  an  oil,  which  is  washed  with  water  containing  soda,  then 
with  pure  water,  dried  over  chloride  of  calcium,  and  rectified. 

Transparent,  colourless  oil,  which  becomes  viscid  in  the  cold,  and 
solidifies  to  a  compact  mass  at  —  10^  Sp.  gr.  0*86  at  20°,  (Gorgey.) 
0-8671  at  19°.  (Delffs.)  Boils  at  269^  when  the  barometer  stands  at 
0-75  met.  (DelfFs),  at  26i°,  with  partial  decomposition  (Gorgey). 
Has  an  agreeable  fruity  odour,  and  a  sweetish  mawkish  taste.  Vapour 
density  =  8-4.    (Gorgey.) 


28  C 

28  H ;.... 

168 

........    28 

....    73-68 
....     12-28 
....     14-04 

Gargey. 
....     73-41 
....     12-42 
....     14-17 

Delffg. 

........         Xm  40 

4  0 

32 

14-45 

C«HaO»,C*H»0 

C-Tapoor  . 

H.gas   

0-gas    

228 

Volame, 

....  100-00 

Zo  .... 

28  

....  100-00 

• 

100-00 

Density. 

11-6480 
1-9404 

2  

2-2186 

Vapour  of  Launte  of  Ethyl    2  15-8070 

7-9035 

Laurie  ether  is  insoluble  in  waier^  sparingly  soluble  in  alcohol^  but 
dissolves  in  all  proportions  in  ether.    (Delffs.) 


Laorostearm. 

Mabssok.  Ann.  Pkarm.  41,  330. 
Sthaher.  Ann.  Pharm.  53,  890. 
BoLLEY.    Ann,  Pharm.  106,  229  5  J.  pr,  Chem.  74,  448. 

Piehurintfettt  Piehurimtalg  vid.  pp.  44,  45«  « 

.  Sources.  In  bay-berries  (l^f  arsson) ;  in  pichurim-beans  (Sthamcr) ; 
in  cocoa-nut  oil,  inasmuch  as  this  oil  when  saponified  yields  lauric 
acid.    (Gorgey,  Ann.  Pharm.  66,  298.) 

Preparation  1.  From  Bay-lerriea.  The  pulverised  berries  are 
boiled  three  or  four  times  with  alcohol,  pressed  hot,  and  filtered  as 
hot  as  possible.  After  24  hours,  the  whole  of  the  laurostearin 
separates  from  the  filtrate  as  a  whitish,  yellow,  curdy  mass.    The 

8iii)emataDt  liquid  etiU  contains  a  very  smaU  quantity  of  laurostearin  dissolved  in  a 
large  quantity  of  green  oil,  from  which  it  is  difficult  to  separate.     It  is  purified  by 

washing  with  cold  alcohol,  recrystallisation  from  hot  alcohol  and 
pressure  between  bibulous  paper.  After  this  treatment,  it  still  retains 
resin  which  may  be  separated  by  filtering  the  fused  mass.  (Marsson.) 
2.  From  Commercial  Oil  of  Bay.  The  oil  is  exposed  to  sunshine  on 
porcelain  plates  covei-ed  with  glass  shades,  whereupon  the  green 
colour  soon  disappears,  and  brown  hard  lumps  of  laurostearin  separate 
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from  the  mass  of  fat  melted  by  the  sun's  heat ;  these  arc  separated  by 
filtration,  dissolved  in  alcohol  and  obtained  of  a  pure  white  by 
evaporation  or  by  precipitation  with  water.    (BoUey.) 

3.  From  Pichunm-beans,  Fahce  pichttrim  major,  are  exhausted  with 
cold  alcohol  (which  extracts  volatile  oil,  pichurim-camphor,  resin,  a  but- 
tery fat  and  a  brown  colouring  matter) ;  and  the  exhausted  beans  are 
boiled  with  alcohol  of  81  p.  c.  and  pressed  between  hot  plates.  The 
expressed  liquid,  as  it  cools,  deposits  pale-  yellow  laurostearin,  only  a 
small  quantity  of  that  substance  remaining  dissolved  in  the  alcohol. 
It  is  purified  by  washing  with  cold  alcohol,  pressure,  and  recrystaUisa- 
tion  from  ether-alcohol.    (Sthamer.) 

» 

Properties.  Snow-white,  loosely  coherent  mass,  consisting  of  needles 
arranged  in  stellate  groups.  (Marsson.)  It  crystallises  from  hot 
alcohol  in  stellate  or  arborescent  groups  of  needles  ;  from  the  ethereal 
solution  by  spontaneous  evaporation  in  needles  grouped  in  tufts. 
(Sthamer.)  Melts  between  44°  and  45*^,  and  on  cooling  solidifies  in  a 
non-crystalline  brittle,  friable  mass,  resembling  stearin.  (Marsson.) 
Melts  between  45°   and  46°,  and  solidifies    at  23°.     The  solididcation 

begins  witii  the  formation  of  small  white  scaly  bodies  with  concaTe  surfaces  which 
afterwards  run  together.  The  whole  then  forms  a  white  mass  resembling  stearin,  and 
having  its  surface  indented  with  small  depressions  of  uneven  surface.  These  hollows 
when  examined  with  a  lenSi  are  seen  to  contain  needle-shaped  crystals,  arranged  con- 
centrically and  radiating  from  the  lowest  point.     The  mass  is  brittle,  odourless 

and  friable.    (Sthamer.) 


54  C 

50  H 
80 


Marsson. 

Sthamer. 

a. 

b. 

324     .. 

..     73-97 

....      7  ooo      ... 

74-01 

50     ....     11-41 

....     11-65     ... 

11-36 

64     .. 

..     14-62 

■  ■■•          X  'X   w  /          ••■ 

14-63 

C«HWO»  438     ....  100-00     ....  lOO'OO    lOOOQ 

a.  From  bay-berries;  b.  from  pichurim-beanp.  Weltzien  (Syst  Zusammemt. 
559),  gives  the  formula  C^^H^'O^^  which,  however,  requires  7r05  per  cent.  C,  and 
11-4  H.     See  also  Pohl  {Wim,  Akad,  Ber,  10,  485). 

Decompositiom.  Laurostearin  bui'ns  with  a  bright  fiame  (Sthamer). 
By  dry  distillalion  it  yields  acrolein  (Marsson,  Sthamer),  a  solid  fat 
ciystallisable  from  ether  (Marsson),  but  no  sebacic  acid  (Sthamer). 
-^  May  be  saponified  with  tolerable  facility  by  potash,  yielding  a 
gelatinous  soap.  .  (Marsson.)  It  is  decomposed  by  digestion  with 
basic  acetate  of  lead,  with  separation  of  glycerin.  (Sthamer.)  It  dissolves 
with  difficulty  in  cold,  more  readily  in  hot  alcohol,  whence  it  crj'stal- 
liscs  on  cooling.     Dissolves  readily  in  e.thei\ 


Laurostearone. 

C"H*"0»  =  C"H«0,C*»H"»0. 

OvF.RDECK.     Pogg.  85,  591. 
Laurone, 
When  laurate    of  lime  is   subjected  to  dry  distillation  in  small 

K  2 
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portions,  laurostearone  passes  over  in  colourless  drops  which  solidify  in 
the  neck  of  the  retort.  As  soon  as  brown  drops  appear,  the  distil- 
lation is  interrupted,  and  the  resulting  mass  is  crystallised  from 
anhydrous  alcohol,  with  addition  of  animal  charcoal. 

bazzling  white  scales,  melting  at  66°,  and  then  solidifying  in  a 
crystalline  mass.    Becomes  strongly  electric  by  friction. 


46  C 

46  H : 

2  0 

....  276 
....    46 

•.a.            16 

....    81-65 
....     13-61 
....      4-74 

0?erbeck. 
....    81-42    ....    8.1-04 
....     13-82    ....     14-10 
4-76    ....      4-86 

C«H«02  .... 

••■•  o3o 

....  100-00 

....  10000    ....  100-00 

Appendix  to  Laurie  Add. 

Bay-berry.  Camphor. 

BoNASTRE  (1824).    J.  Pharm.  10,  32;  abstr.  Beperl.  17,   190,  Br. 

Arch.  13.  195. 
Delffs.    J.  pr.  Chem.  58,  434  ;  Ann.  Pharm.  88,  854. 

Laurin,  Lorbeereampher. — DiscoTered  by  Bonastre  in  bay-berries.  The  nearly 
inodorous  pichurim-camphor^  scarcely  soluble  in  alcohol,  wbich^  according  to  Bonastre 
(J.  Pharm.  11,  3),  crystallises  from  the  yolatile  oil  of  pichurim-beans,  is,  according  to 
Gerbardt  {TVaitSf  4,  309),  perhaps  bay-tree  camphor. — ^Marsson  {Ann.  Pharm.  41,329), 
by  following  Bonastre's  directions,  did  not  obtain  any  bay-tree  camphor*  Delffs,  on  the 
other  hand,  obtained  it  both  from  fresh  and  from  old  bay-berries. 

Preparation.  Shelled  and  pulverised  bay-berries  are  boiled  two  or 
three  times  with  alcohol  of  85 — 90  per  cent. ;  the  solution  is  filtered  at 
the  boiling  heat ;  fhe  crystals  of  laurostearin,  which  separate  from  the 
filtrate  after  two  or  three  hours,  arc  removed  by  a  second  filtration,  and 
the  filtrate  is  left  to  evaporate  in  the  am  The  crystals  which  separate 
therein,  together  with  oil-drops,  are  taken  out  from  time  to  time, 
pressed  between  paper,  to  remove  the  gradually  thickening  oil,  and 
crystallised  from  alcohol.  (Delffs.) — Bonastre  exhausts  bay-berries 
with  absolute  alcohol;  concentrates  the  extracts  strongly  till  they 
separate  into  an  oily  and  an  alcoholic  layer,  and  purifies  the  crystate 
which  separate  from  both,  by  washing  and  recrystallisation  from 
alcohol. 

Properties.  Dazsding  white  right  rhombic  prisms,  with  a  dome 
resting  on  the  acute  edges,  and  dull  or  rough  faces.  ^Delffs.)  Needle- 
shaped  rhombic  octahedrons,  having  the  angles  of  tne  base  equal  to 
60"*  and  120°.  (Bonastre.)  Translucent,  grates  between  the  teeth, 
melts  when  heated  (Bonastre).  Tasteless  and  inodorous  (Delffs); 
tastes  bitter  and  shai^  (Bonastre).    Neutral. 

Delffk. 

44  C 264    ....     77-20    76-85 

30  H 30    ....      877     880 

6  0  43    ....     1403     14'26 

C44H«>0«  342     ....  100-00    100-00 

According  to  Delffs,  it  is  C^H^O^, 
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Decompositiofis,  1.  YolatSiscs  almost  completely  with  resinous 
odour  when  heatedy  completely  when  thrown  on  red-hot  coals. 
Resolved  by  dry  distillation  into  water,  —  a  yellow  empjTeumatic  oil 
soluble  in  alcohol, — gases, — and  a  small  residue  of  spongy  charcoal. — 
2.  Not  decomposed  by  nitric  acid. — ^8.  Oil  of  vitriol  colours  it  orange- 
yellow.    (Bonastre.) 

Insoluble  in  water.  It  imparts  to  boiling  water  a  bitter  taste 
(Bonastre)  ;  no  taste  (Delffs). — The  alcohoUc  solution  of  bay-berry 
camphor  does  not  precipitate  neutral  acetate  of  leady  or  nitrate  of  silver, 
(Delffs.) 

The  camphor  dissolves  sparingly  in  cold  alcohol^  easily  in  boiling 
alcohol  and  in  ether,    (Bonastre.) 


Primary  Nucleus  €•*£[*• ;  Oxygen-nuckue^  C^H'K)*. 

Sapogesin, 

Fremy.     (1835.)    Ann.  Chim.  Phya.  58,  102 ;  Ann.  Pharm.  15,   187 ; 

J.  pr.  Chem,  3,  393 ;  abstr.  J.  Pharm.  2(])f  243. 
QuEVENNB.    J.  Pharm.  23,  272. 
RocHLEDEB  &  ScHWARz.     Wicn.  Acad.  Ber.  11,  838. 
A.  OvERBEOK.    N.  Br.  Arch.  77,  134. 
BoLLET.    Ann.  Pharm.  90,  211,  and  91,  117. 

Fremy,  in  1835 »  obtained  his  escuHe  add  by  the  decomposition  of  saponin  from 
hone-chestnnts  and  from  Saponaria,  Quevenne  regarded  the^ci<fe  polygalique  modijii 
obtained  by  the  decomposition  of  senegin  from  Pofygala,  as  allied  to  Fremy 's  acid, 
withont,  however,  demonstrating  the  identity  of  the  two.  Both  these  bodies,  together 
with  Oyerbeck's  Saporeiin,  are  regarded  as  identical  by  BoUey,  who  unites  them  under 
the  name  Sapogenin. — Rochleder  &  Schwarz  regard  sapogenin  from  Saponaria  as  iden- 
tical with  quinoTin ;  but  this  view  is  rendered  improbable  by  the  more  recent  ioTestiga- 
tions  of  Hlasiwetz  (Ann,  Pharm.  Ill,  182). — ^We,  here,  with  Bolley,  regard  the  sapo- 
genin resulting  from  decomposition  as  identical  with  the  bodies  obtained  by  Fremy  and 
Qoerenne ;  but  we  dissent  from  Bolley's  view  in  regarding  saponin  as  different  from 
senegin,  Aeide  polygalique. — ^The  product  which  Fremy  obtained  by  the  second  mode  of 
preparation  (p.  54)  is  perhaps  different  from  sapogenin,  and  this  may  account  for  the 
difference  between  his  statements  and  those  of  others.  This  view  is  supported  by 
▼.  Payr's  statement  respecting  the  behanour  of  saponin  to  hydrate  of  potash.  (Kr.) 

Formation.  By  treating  saponin  from  horse-chestntits  or  from 
Saponarin  (Fremy),  or  senegin  from  Polygala  (Quevenne),  with  dilute 
mineral  acids.  Grape-sngar  is  produced  at  the  same  time.  (Rochleder 
&  Schwarz ;  Overbeck.)  Sapogenin  is  also  produced  from  the  saponin 
of  horse-chestnuts  by  the  action  of  potash- ley  or  of  the  electric  current ; 
but  not  from  the  saponin  of  Saponaria.    (Fremy.) 

Preparation.  1.  An  aqueous  solution  of  saponin  from  horse-chest- 
nuts is  left  in  contact  with  cold  hydrochloric  acid  for  a  long  time,  or 
with  the  boiling  acid  for  a  shorter  time,  and  the  predpit-ated  sapogenin  is 
washed  with  water,  (Fremy.)  Quevenne  dissolves  the  sapogenin 
thus  obtained  in  boiling  alcohol  of  40°,  and  evaporates  the  solution  or 
precipitates  it  with  water.    Rochleder  &  Schwarz  decompose  saponin 
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'by  boiling  with  aqueous  hydrochloric  or  sulphuric  acid,  dissolve  the 
flocks  in  boiling  acetic  acid  and  mix  the  filtrate  with  cold  water. 
Overbeck  purifies  the  product  by  repeatedly  digesting  the  alcoholic 
solution  with  animal  charcoal,  and  leaves  the  filtrate  to  evaporate. 
Saponin  may  likewise  be  obtained  from  the  decoction  of  Senega  with 
previous  preparation  of  sencgin.     (BoUey.) 

2.  Saponin  from  horse-chestnuts  is  treated  with  warm  potash, 
whereupon  sapogenin  and  a  yellow  colouring  matter  adhering  to  the 
saponin  unite  with  the  potash.  By  treating  the  product  with  weak 
alcohol,  the  latter  compound  may  be  separated,  and  the  compound  of 
sapogenin  and  potash  obtained  in  crystals  by  leaving  the  solution  to 
evaporate.  Tins  compound  may  be  decomposed  by  precipitating  its 
aqueous  solution  with  acids.  (Fremy.)  By  this  process,  pure  sapo- 
genin may  be  obtained  from  saponin  of  horse-chestnuts  more  readily 

than  by  1.  (Fremy.)  See  al«o,  under  Saponin,  Rochleder  &  Scbwan's  state- 
ments respecting  its  behaviour  to  potash. 

Properties.  Remains  after  the  evaporation  of  its  alcoholic  solution 
in  yellowish  white,  friable,  irregular,  amorphous  lumps.  (Quevenne.) 
Horny  laminss  which  may  bo  rubbed  to  a  white  powder.     (Overbeck.) 

Aocording  to  Fremy  sapogenin  either  from  horse-chestnuts  or  from  Saponaria  may  be 

crystallised  from  alcohol.  Tasteless  (Fremy) ;  the  taste  is  but  faint  at 
first,  but  afterwards  veryAitter.  (Quevenne.)  The  alcoholic  solution 
reddens  litmus.    (Quevenne.) 

Calculation  according  to 
Tremj.  Rochleder  &  Schwarz. 


a.                                              b,  ^ 

52  C 312  ....  56-73  ....  12  C... 72  ....  6316  ....  60  C ...360....  67*41 

46  H  46....  8-36....  10  H  10....  8*77  ....  46  H 46...  8*61 

24  O  192  ....  34-91  ....  4  0  82  ....  28*07  ....  16  O 128  ....  23-98 


C«H«0«....  550  ....100-00  ....  C^HWQ^  ....  114  ....lOO'OO  ....  C«H^O"  ....  534  ....100-00 

Overbeck.  Bolley. 

18  C...........,^  108     ..^     63-53     24  C  144     ....     5951 

14  H U    ....       8-23     18  H 18     ....       748 

6  0 48     ....     28-24     10  O 80     ....     3306 


C"I1M0«  170  ....  100-00     C«H»OW  ....  242    ....  100-00 

Fremy.  Rochleder  &  Schwarz.   Orerbeck.  Bolley. 

a.  b.  a.  b,  at  100°.  a.  b. 

mean, 

C  ....    56-79  ....     56-43  ....     6335  ....     67*04  ....     63-30  ....     6920  ....     6003 

H  ....       8-35  ....       8-64  ....       8-57  ....       8-88  ....       8-76  ....       7-70  ....       7*60 

O ....     34-86  ....     34-93  ....     2808  ....     24-08  ....     2794  ....     33-10  ....     32'87 


.JU 


100-00  ....  10000  ....  100-00  ....  100-00  ....  100-00  ....  100-00  ....  100-00 


a.  From  horse-chestnuts ;  6.  from  Saponaria  (Fremy). — a.  dried  for  several  hours 
between  120**  and  125**;  b.  for  twenty-four  hours  at  100**;  both  products  from  Sapo- 
naria, (Rochleder  &  Schwarz).— Bolley  analysed  sapogenin,  a.  from  Senepa,  b.  from 
Saponaria, — ^The  great  discrepancies  between  the  analyses  arise  from  the  partial  altera- 
tion of  sapogenin  in  drying.  It  should  therefore  be  dried  in  a  stream  of  carbonic  acid 
(Rochleder,  Wien,  AJtad,  Ber.  16,  1). 

Decompositions.  1.  In  dn/in^  (vid.  sup.).  —  2.  When  lieated  it  does  not 
melt  till  it  begins  to  decompose ;  it  does  not  yield  any  peculiar  products 
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by  dry  distillation.  (Premy.)  —  3.  In  contact  with  oil  of  vitriol  it  turns 
violet,  and  imparts  a  faint  violet  tint  to  the  oil  of  vitriol  itself.  (Que- 
venne.)  It  dissolves  in  oil  of  vitriol  with  red-brown  colour;,  in  less 
ooncentrated  sulphuric  acid  with  red  colour.  (Rochleder  &  Schwarz.^ 
—4.  With  m'frtc  (wid^  it  forms  a  brown  resin  and  red  vapours.  (Fremy.) 
—  6.  It  appears  to  be  somewhat  altered  by  prolonged  boiling  with 
dilute  acids.    (Bolley.) 

Combinations.      Sapogenin    is  nearly  insoluble  in    boiling    water, 
(Fremy.)    When  left  in  contact  with  water  for  a  considerable  time,  it- 
does  not  swell  up,  but  dissolves  slightly,  so  that  the  solution  precipi- 
tates metallic  salts.    (Quevenne.) 

It  unites  with  bases,  without  losing  water.  The  resulting  com- 
pounds, Fremy's  escalates,  are  decomposed  by  carbonic  acid. 

The  compounds  with  Ammania,  Potash,  and  Soda  arc  soluble  in 
water,  and  solidify  to  a  jelly  when  their  aqueous  solutions  are  evapo- 
rated, but  separate  from  a  mixture  of  1  pt.  water  and  2  pts.  alcohol 
in  beautiful  pearly  laminee.  They  contain  1  at.  base  to  2  at.  sapo- 
genin. (Fremy.)  Alcoholic  sapogenin  neutralized  with  potash-ley 
leaves,  when  evaporated,  an  amorphous,  white,  very  bitter  mass,  not 
containing  any  crystals.  (Quevenne.)  Sapogenin  forms  with  the 
alkalis  very  bitter  compounds,  which  are  soluble  in  water.  (Rochleder 
&  Schwarz.)  Gelatinous  sapogenin  dissolves  readily  in  aqueous 
alkalis,  but  after  drying  it  dissolves  but  imperfectly  even  when  boiled 
in  the  liquid.    (Overbeck.) 

With  Baryta,  Stnmtia,  and  Lime,  sapogenin  forms  compoimds  inso- 
luble in  water  and  in  alcohol  of  40°,  but  soluble  in  dilute  alcohol. 
(Fremy.)  Alcoholic  sapogenin  precipitates  barvta-  and  lime-salts,  but 
not  htfdrochlorate  of  magnesia,  (Quevenne.)  Bolley's  sapogenin  like- 
wise precipitates  baryta-salts. 

With  Lead-oxide  or  Cupric  oxide  sapogenin  forms  compounds  inso- 
luble in  water.  (Fremy.)  Alcoholic  sapogenin  precipitates  sulphate  of 
copper,  neutral  and  basic  acetate  of  lead,  ferrous  €^d  ferric  sulphates,  nitrate 
of  silver  and  bichloride  of  platinum,  (Quevenne.)  Sapogenin  pre- 
pared from  Saponaria  or  from  Senega,  precipitates  neutral  acetate  of 
lead  but  slightly ;  basic  acetate  of  lead,  ferric  salts,  silver  salts,  and 
mercuric  salts  more  copiously.  (Bolley.)  Overbeck's  sapogenin  does  not 
precipitate  an  alcoholic  solution  of  neutral  acetate  of  lead. 

Sapogenin  dissolves  very  readily  in  alcohol,  but  is  insoluble  in 
ether,  (FremyO  From  aqueous  tannic  acid  it  throws  down  a  small 
precipitate.    (Quevenne.) 


JPtimarif  Nucleus  C^R^ i  Oxt/gen-nucleus  C^Il^O*! 

Picrolichenin. 

Aims.    (1832.)    Ann,  Pharm.  1,  6L 
Obegobt.     J,  Pharm,  21,  314. 

A.  VoGEL,  jun.,  &  Worn.    N,  Jahrb,  Pharm.  8,  301 ;  N,  Br.  Arch,  do, 
67  ;  J.  pr.  Chem.  72,  272. 
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Occurrence,    In  Variolaria  amara, 

PreparcOion.  The  lichen  is  distilled  with  rectified  spirit  (if  it  remains 
in  contact  with  the  liquid  for  too  long  a  time^  it  nndergoes  alteration,  and  a  brown 

mass  is  obtained,  Vogcl  &  Wuth) ;  the  extract  is  evaporated  to  a  syrup,  and 
left  at  rest ;  and  the  crystals,  which  separate  after  fourteen  days,  are 
purified  by  washing  with  weak  potash-ley,  and  repeated  crystallisa- 
tion from  alcohol.  (Alms.)  A  pound  of  the  lichen  yields  half  an 
ounce  of  picrohchenin. 

Properties,  Colourless,  transparent,  highly  lustrous,  rhombic  octa- 
hedrons. Melts  a  little  above  the  melting  point  of  sulphur,  and 
solidifies  to  a  transparent  brittle  mass  on  cooling.  Not  volatile 
without  decomposition,  Sp.  gr.  1'176.  Inodorous,  but  has  a  strongly 
bitter  taste.    The  solutions  redden  litmus. 


24  C 

20  H 
12  0 


Vogcl  &  Wuth. 

mean. 

144     ....     55*38 

55-85 

20     ....       7-69 

7-78 

96     ....    36-93 

36-37 

C«H»0»  260     ....  100-00     10000 

According  to  Vogcl  &  Wuth  it  Is  perhaps  isomeric  with  senegin. 

Decompositions,  1.  Picrohchenin  heated  considerably  above  its 
melting  point,  decomposes,  giving  off  white  fumes,  which  irritate  the 
organs  of  respiration,  and  leaves  a  loose,  shining  charcoal.  —  2.  Chlo- 
Hne-toater  colours  it  sulphur-yellow. — 3.  The  'solutions  in  ammonia  and  in 
potash-ley  turn  red  on  exposure  to  the  air ;  and  on  addition  of  acids, 
deposit  altered  picrohchenin  which  has  lost  the  whole  or  nearly  the 
whole  of  its  bitterness.    (Alms,  md,  inf,) 

Combinations,  Picrolichenin  is  insoluble  in  cold  water^  but  dissolves 
slightly  in  boiling  water,  without  separating  again  on  cooling.  — 
Strong  iwtric  axM  dissolves  it  in  small  quantity  at  the  boiling  heat, 
without  colouring  or  evolution  of  gas.  OH  of  vitriol  forms  with  picroli- 
chenin a  colourless  solution,  which  becomes  turbid  when  mixed  with 
water  or  exposed  to  the  air. 

With  Ammonia.  —  Aqueous  ammonia  dissolves  picrohchenin,  out  of 
contact  with  air,  forming  a  solution  colourless  at  first,  but  afterwards 
becoming  saffron-yellow,  which  after  some  time  deposits  very  brilhant, 
transparent,  taBteless,  crystalline  tufts.  These  crystals  efloresce  on 
drying,  and  melt  at  50°  to  a  cherry-red  resin,  which  is  difficult  to  diy, 
gives  off  ammonia  at  a  higher  temperature,  is  insoluble  in  water,  but 
dissolves  with  cherry-red  colour  in  ammonia,  potash,  and  alcohol.  —  The 
crystals  dissolve  sparingly  in  water,  easily  in  ammonia,  potash,  and 
alcohol.     (Alms.) 

Picrolichenin  dissolves  very  easily  in  aqueous  potash  to  a  frothy 
Hquid ;  sparingly  in  carbonate  of  potash,    (Alms.) 

It  dissolves  easily  in  bisulphide  of  carbon^  also  in  warm  acetic  acidy 
crystallising  out  on  cooling,  and  being  precipitated  by  water.  —  It 
dissolves  readily  in  alcohol,  and  is  precipitated  therefrom  by  water ; 
easily  in  ether  and  in  volatile  oils  after  prolonged  boiling,  also  in  fixed 
oils,    (Alms.) 
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Ch^gen-nucleus  C**H"0". 

Fhysodin. 

Gerding.    N.  Br.  Arch.  87,  !• 

Occurrenc'e.    In  PcermeUa  physodes. 

Preparation,  The  lichen  air-dried  and  cut  in  pieces  is  macerated 
for  several  days  with  ether;  the  ethereal  extract  is  evaporated ;  and 
the  residual  white  powder  is  purified  by  washing  with  alcohol  and 
repeated  crystallisation  from  absolute  alcohol. 

Properties.  White,  loosely  coherent  mass,  appearing  when  mag- 
nified 120  times,  to  consist  of  four-sided  tnmcated  prisms ;  if  obtained 
from  the  alcohol  solution  by  spontaneous  evaporation,  it  forms 
orystals  2J  lines  long.    Melts  at  126 "*•    Neutral  to  vegetable  colours. 

Gerding* 
mean, 
a.  at  100**. 

24  C 144     ....     60-70    ....    20  C    120    ....     49-51     4975 

12  H 12     ....       4-23     ;...     10  H  10     ....       413     4*63 

16  O 128  ....  45-07  ....  14. 0  112  ....  46-36  46*62 

CMH>20*«  ....  284  ....  100-00  ....  C»H»»0"  ....  242  ....  100*00  lOO'OO 

Gerding,  by  an  inexact  calculation,  obtained  the  formula  C^H^O^,  which  requires 
47*8  per  cent  C,  4*4  H.,  and  47*8  O.  This  formula  u  resolved  by  Weltzien  into 
C»H*0«  +  3  aq.  {Sytt,  Zusammetut.  523.) 

Decompositions.  1.  Physodin,  when^ieorfecf  to  125**,  is  converted  into 
a  dark  rose-colom*ed  product,  Gerding's  physodein,  which  contains 
51-08  p.  c  C,  4-00  H.,  and  44-82  0.,  according  to  Gerding,  C»H'0", 
and  is  produced  from  physodin  by  loss  of  waten  This  formula  agrees  with 
that  of  physodin ;  C?*H"0«  requh-cs  52*36  p.  c.  C,  4*00  H.     (JTr.)  —  2.    Oil  of 

vitriol  dissolves  physodin  with  violet  and  afterwards  with  deep  rose- 
red  colour,  and  water  then  precipitates  bluish  violet  flocks.  —  3-  By 
nitric  add  it  is  converted  into  oxalic  acid  with  evolution  of  nitroUs 
gas. 

Combinations.  Physodin  behaves  to  water  like  a  resin,  and  is  (?  not) 
wetted  by  it.    It  is  not  altered  by  dilute  acids. 

It  dissolves  easily  in  warm  aqueous  ammoma^  forming  a  yellow 
solution,  which  becomes  reddish  on  exposure  to  the  air.  When 
exposed  to  ammonia  vapours,  it  assumes,  a  chrome-yellow  colour,  and 
afterwards  brown-red  in  contact  with  the  air.  — In  carbonate  of  ammonia 
it  dissolves  slightly  at  mean  temperatures,  easily  on  boiUng;  in 
potash-l&f  instantly,  with  yellow  colour.  Acids  precipitate  from  these 
solutions  light  yellow  or  reddish  flocks ;  the  potash-solution  yields  a 
dingy  yellow  precipitate  with  chloride  of  barium.  The  alcohohc  solution 
of  physodin  is  not  precipitated  by  chloride  of  barium^  but  it  yields  with 
acetate  of  lead  a  pale  yellow  precipitate,  soluble  in  potash-ley,  with 
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sulphate  of  copper  a  pale  green;  and  \vith  nitrate  of  stiver  a  brown-red 
precipitate. 

It  is  insoluble  in  alcohol  of  80  p.  c,  but  dissolves  in  boiling  absolute 
alcoboL    It  is  insoluble  in  ether  and  in  acetic  acid. 


Primary  Nucleus  (?*H*>;  Oi^gen-nucleus  (?*H»*0«. 

.  Leucic  Acid. 

Cahours.     Compt.  rend.  27,  868. 

A.  Streokeb.    Ann.  Pharm,  68,  55 ;  Lehrbuch,  3  Aufl.  200. 

GosSBiANN.     Ann,  Pharm.  91,  135. 

Waaob.     Ann.  Pharm.  118,  295. 

Thudichum.     Chem.  Soc.  Qu.  J.  14,  307. 

C^^MQU  froQi  1^  analogy  with  lactic  acid  (zi.  472),  which,  however,  according  to 
more  recent  investigations,  appears  to  be  C^H^O^.  (Kr.)  The  experiments  of  Waage 
and  Thudichum  tend  rather  to  show  that  leucic  acid  is  C^-U^^O^. 

Formation.  1.  Leucine,  dissolved  in  water,  is  converted,  by  the 
action  of  oxidising  agents,  or  even  on  standing,  into  a  peculiar  acid 
C"II*H)*.  (Cahours.^  When  nitric  oxide  gas  is  passed  through  a 
solution  of  leucine  m  strong  nitric  acid  [or  nitrous  acid  through  a 
solution  of  leucine  in  warm  water  (Thudichum),  or  water  slightly 
acidulated  with  nitric  acid  (Waage)],  nitrogen  is  evolved,  and  oily 
leucic  acid,  soluble  in  ether  is  produced  (Strecker) : 

2C'«NHW0<  -  2NH»  +  4H0  «  C"H»*0^. 

2.  When  chlorine  gas,  not  in  excess,  is  cautiously  passed  through 
a  solution  of  leucine  in  caustic  soda,  leucic  acid  is  formed  and  may  be 
separated  from  the  mixture  in  the  same  manner  as  benzoglycollic 
acid  (xii,  64)  from  hippuric  acid.    (Oossmann.) 

f.  Preparation.  Purified  leucine*  is  dissolved  in  boiling  water  slightly 
acidulated  with  nitric  acid,  and  nitrous  acid  gas  is  passed  through  tho 
warm  solution  as  long  as  nitrogen  continues  to  escape;  the  liquid, 
which  turns  brown  and  gradually  deposits  brown  fishes,  is  left  to  cool, 

^  The  lencine  used  in  the  preparation  was  prepared  by  Hinterbeiger'i  method  (Ann. 
pharm.  91 »  135),  as  modified  by  Schwanert  (ibid.  102,  221),  vix.,  by  boiling  ox -horn 
for  some  time  with  sulphuric  acid ;  adding  milk  of  lime  in  excess,  filtering,  boiling 
again,  and  precipitating  the  lime  with  oxalic  acid ;  decolorising  the  filtrate  by  adding 
•ulphhte  of  copper,  and  precipitating  the  copper  with  sulphuretted  hydrogen;  then 
concentrating  the  filtrate,  and  leaving  it  to  crystallise.  The  lencine  thus  obtained  was 
f  nther  purified  by  repeated  crystallisation  from  water  and  weak  spirit,  finally  decolorised 
by  boiling  it  with  a  small  quantity  of  hydrated  oxide  of  lead,  and  precipitating  the  dis- 
solved leaid  with  sulphuretted  hydrogen ;  the  solution  was  then  evaporated  and  the 
leucine  onoe  more  crystallised  firom  dUute  alcohol.  The  product  was  quite  colourless, 
but  left  2  per  cent,  of  ash  when  burnt,  and  still  contained  a  trace  of  sulphur. 
(Waage.) 
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then  agitated  several  times  with  ether ;  and  the  ethereal  extracts  aro 
evaporated.  The  residue  is  a  brown  oily  liquid  not  miscible  with  water, 
which  gradually  sohdifies  to  a  radio-crystalline  mass.  The  aqueous  solu- 
tioa  freed  from  leucic  acid  by  repeated  agitation  with  ether,  left  on  eraporation  a  con- 
siderable quantity  of  nitro-leucic  acid.  —  To  purify  the  crude  leucic  add  thus 

obtained,  it  is  dissolved  in  a  large  quantity  of  water  (a  smaller  quantity 
dissolves  it  but  imperfectly) ;  the  boiling  liquia  is  mixed  with  an  aqueous 
solution  of  acetate  of  sdnc;  and  the  precipitated  leucatc  of  zinc  is 
washed  on  the  filter  with  water  (whi<i  dissolves  but  a  small  quantity  of  it), 
purified  by  recrystallisation  from  alcohol,  then  suspended  in  water, 
and  decomposed  by  sulphurretcd  hydrogen.  The  filtered  solution  is 
but  very  slightly  coloured,  and  when  evaporated  to  a  syrup  and  left 
to  stand,  yields  leucic  add  m  colourless  needles.  If,  on  tne  other  hand, 
the  zinc^salt  be  suspended  in  alcohol  and  decomposed  by  sulphuretted 
hydrogen,  the  acid  is  obtained  in  hard,  brittle  prisms.     (Waage.) 

2.  Thudichum  passes  nitrous  acid  gas  through  a  warm  aqueous 
solution  of  leucine  :  evaporates  with  addition  of  leucine  to  neutraUse 
the  free  nitric  acid,  and  prevent  it  from  oxidising  the  leudc  add ; 
agitates  the  syrupy  residue  with  ether  (or  extracts  the  leudc  add 
from  the  aqueous  solution  by  agitation  with  ether,  without  previous 
evaporation ;  in  which  case,  however,  the  treatment  with  ether  must 
be  repeated  a  great  number  of  times) ; — ^and  purifies  the  crude  leucic 
acid  from  adhei-ing  brown  oil,  either  by  solution  in  cold  water, 
filtration  and  recrystaUisation,  or  by  strongly  pressing  the  coloured^ 
ciystals  between  bibulous  paper, — or  by  precipitating  the  aqueous 
solution  with  acetate  of  lead,  decomposing  the  washed  precipitate 
with  sulphuretted  hydrogen,  and  evaporating  the  filtrate,  either  over 
the  water-bath  at  a  very  moderate  heat,  or  over  sulphuric  acid. 

Properties.  Colourless  needles.  (Strecker.)  Needles  or  hard,  brittle 
prisms,  of  the  right  or  oblique  prismatic  system,  iiccording  to  the  mode 
of  preparation.  (Waage,  vid.  sup.)  Radiary  groups  of  neemes,  having  a 
mother-of-pearl  lustre,  with  a  beautiful  variety  of  concentric  mark- 
ings, like  those  of  some  kinds  of  larch-agaric.  (Thudichum.)  Heavier 
than  water.  Cuts  hke  hard  soap,  almost  like  stearic  acid.  (Thudi- 
dium.)  Has  an  acid  taste,  and  reddens  litmus  (Thudichum) ;  bitter 
taste,  and  strong  acid  reaction  (Waage).  Melts  below  100°  and 
solidifies  on  cooUng.  (Thudichum.)  Melts  at  73^  and  sometimes 
soUdifies  at  a  few  degrees  below  the  melting  point,  sometimes  remains 
hqoid  even  when  cooled  to  0^    (Waage.) 


12  C    

12  U  

6  0  

....     72 
....     12 
....      4o 

....    64-54 
....      909 
....    36-37 

Waage. 

54-S 

9-1 

36-6 

Thudichum. 
mean, 

....    53-57 
....       8*73 
....    37-70 

C^WH^ .... 

....  132 

....  100-00 

........  100-0 

....  100-00 

The  loss  of  carbon  in  Thudichum's  analyses  arose  from  partial  decomposition.       « 

Decompositions.  1.  Ijcucic  acid  volatilises  at  100°,  apparently  with- 
out decomposition.  If  placed  on  a  watch-glass  and  heated  over  the 
water-bath,  the  sides  of  the  glass  become  fringed  with  crystals  of  the 
sublimed  acid,  which  dissolve  easily  in  water,  leaving,  however,  a 
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few  iSocks,  probably  consisting  of  the  anhydride.  The  mass  which 
remains  in  the  midcfle  of  the  watch-glass  is  syrupy,  dissolves  in  water 
only  after  prolonged  boiling,  but  is  easily  soluble  in  alcohol  and 
ether;  it  probably  consists  of  leucic  anhydride;  but  whether  corre- 
sponding to  lactic  anhydride  (xi.  601)  or  to  lactide,  is  at  present  un- 
determined. (Waage.)  The  acid  heated  for  some  time  in  the  water- 
oven  continually  gives  off  acid-smelling  vapours,  and  does  not 
afterwards  sohdify  on  cooling,  but  remains  in  the  form  of  an  uncrys- 
tallisable,  dark  brown  smeary  syrup ;  the  anhydride,  which  has  a  very 
disagreeable  odour,  remains  unchanged,  even  when  left  over  oil  of 
vitriol  for  weeks,  and  is  nearly  insoluble  in  water,  separating  from  it 
like  an  oil  and  sinking  to  the  bottom.  A  small  quantity  of  this 
insoluble  compound  is  likewise  formed  when  the  aqueous  solution, 
even  if  dilute,  is  heated  to  the  boiling  point  or  evaporated.    The  forma- 

tion  of  this  insoluble  compound  renders  the  preparation  of  pure  salts  of  leadc 
acid  rather  difficult,  and  has  doubtless  also  given  rise  to  the  statement  sometimes 
made  that  leucic  acid  is  nncrystallisable.      (Thudichum.)  —  2.    Leucic    acid 

strongly^  heated  in  the  axr^  gives  off  thick  fumes  and  blackens,  then 
takes  nre   and  bums  with  a  yellow  smoky  flame,  leaving  a  small 

Quantity  of  charcoal,  which  is  quickly  and  easily  consumed.    (Thu- 
ichum.) 

CombincOwns.     Very   soluble    in    water.     (Waagc,    Thudichum.) 

Difficultly  soluble.  (Strecker.)  Strecker's  add  was,  perhaps,  partially  con- 
verted into  the  insoluble  compound  above  mentioned.  A  small  piece  placed 
on  water  dissolves  rapidly,  producing  curious  currents  of  diffusion. 
The  solution  has  an  agreeably  acid  taste,  reddens  Htmus,  and  decom- 
poses carbonates. 

Leucates. — Leucic  acid  forms  crystalhsable  salts  (Strecker,  Thudi- 
chum), most  of  which  have  the  composition  C*'II"MO*.  An  acid  silver- 
salt  appears,  however,  to  exist,  which  may  be  either  C"H"AgO*, 
C"H"0*,  or  C'^H^'AgO" ;  but  as  no  acid  leucate  of  any  other  base  nas 
been  produced,  the  12-carbon  formula  of  the  add  must  be  regarded  as 
the  more  probable — ^a  conclusion  also  pointed  out  by  the  formation  of 
the  acid  from  leucine.  The  salts  are  for  the  most  part  obtained  by 
boiling  the  aqueous  solution  of  the  acid  with  the  corresponding  carbon- 
ates. (Thudicnum.) — They  are  less  soluble  than  the  lactates  in  water, 
more  soluble  in  alcohol.     (Waage.) 

Leucate  of  Ammonia,  —  The  acid  slightly  supersaturated  with 
ammonia,  and  evaporated,  leaves  a  thick  homogeneous  residue,  in 
which  no  trace  of  crystallisation  can  be  observed,  even  after  drying  for 
several  weeks  over  oil  of  vitrioL    (Thudichum.) 

Leucate  of  Soda.  ^^hQ  aqueous  acid  neutralised  with  carbonate  of 
soda  and  evaporated,  leaves  a  syrupy  residue  covered  with  a  crystal- 
hne  crust.  When  this  syrup  is  left  over  oil  of  vitriol,  crystals  form  in 
it,  which,  under  the  microscope,  exhibit  a  characteristic  tub-shape> 
^ith  rhombic  plates  interspersed  here  and  there.    (Thudichimi.) 

Leucate  ofBaryta^  .C^*H"BaO'.  —  Obtained  by  digesting  the  aqueous 
acid  with  carbonate  of  baryta.  (Waage,  Thudichmn.)  It  dissolves 
with  moderate  facility  in  warm  water  and  dilute  alconol,  and  sepa- 
rates from  boiling  alcohol  in  beautifid  colourless,  silky,  laminar  crystalsi 
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which,  like  most  leucates,  retain  something  of  the  appearance  of 

leucine.  (Waage.)  Thudicum  obtained  it  by  evaporation  in  crystallino  crusts^ 
which  remained    yellow   even    after    pressing    and    drying.       It    is    anhydrous, 

and  gives  by  analysis  38*6  p.  c.  baryta,  the  formula  requiring  38*4  p.  c. 
(Waage.) 

By  evaporating  two  equal  quantities  of  the  acid,  one  of  which  had 
been  neutraUsed  with  carbonate  of  baryta,  a  smeary  semi-solid  mass 
was  obtained,  apparently  consisting  of  a  mixture  of  the  neutral  salt 
with  free  leudc  acid.    (Thudichum.) 

Leucate  of  Lirne.  C"BPCaO*.  —  An  aqueous  solution  of  the  acid 
neutralised  with  chalk  or  milk  of  hme  and  left  to  evaporate,  yields 
the  lime-salt  in  fine  needles,  easily  soluble  in  water  and  in  alcohol. 
(Waage.)  Thudichum  obtained  it  in  non-ciystaJline  crusts,  which  gave 
by  analysis  12-68  and  12*78  p.  c.  lime  (calc.  13"24  p.  c). 

Leucate  of  Max^nesia,  —  Sparingly  soluble  in  water,  deposited  in 
crusts  on  evaporation.    (Thudichum.) 

Leucate  of  Zinc.  —  Obtfdned  by  neutralising  the  dilute  acid  at 
the  boiling  heat  with  carbonate  of  zinc,  and  filtering  at  the  same 

temperature.  If  the  solution  of  leucic  add  is  no*t  exceedingly  dilate,  a  thick 
fipoth  containing  nndissolred  leucate  and  carbonate  of  zinc  is  formed  at  the  top  of  the 
liquid,  which  requires  repeated  boiling  with  water  to  dissolve  it.  The  latest  solutions 
are  the  purest  and  least  coloured.  The  solution  deposits  a  thin  crust  on 
cooling.  Evaporated  over  the  water-bath,  it  soon  becomes  covered 
with  a  crust,  and  on  cooling  deposits  bulky  masses  of  needles,  which 
must  be  separated  by  filtration,  pressed  between  bibulous  paper,  and 
dried  by  exposure  to  the  air  or  over  the  water-bath.  The  best 
crystals  are  obtained  from  a  solution  containing  excess  of  leucic  acid. 

(Thudichum.)     For  Waage's  mode  of  preparation,  see  page  59. 

Snow-wmte,  with  splendid  silky  lustre ;  e^bits  under  the  micro- 
scope the  appearance  of  masses  of  needles.  (Thudichum.)  Extremely 
light  scales,  of  dazzling  whitenei^s  and  silky  lustre.  (Waage.) 
Sparingly  soluble  even  in  boiUng  water,  less  in  cold  water.  (Thudi- 
chum.) Dissolves  in  300  pts.  water  at  16*^,  and  in  204  pts.  boiling 
water,  more  soluble  in  alcohol.  (Waage.)  The  air-dried  salt  gives 
off  5'1  p.  c.  water  (1  at.)  at  100  (Waage) ;  gives  off  half  its  water  at 
100**,  but  requires  a  temperature  of  120**— 130°  to  dry  it  completely. 
(Thudichum.)  —  Sulphuretted  hydrogen  precipitates  the  zinc  completely 
(Waage),  only  a  portion  even  after  repeated  saturation  of  the  solution 
with  me  gas.    (Thudichum.) 

41/ 120''— 130"  Thudichum.  Air^dried.  Waage. 

12  C   72-0  ....    4401  ....    48*87  ....     12  C 720  ....  41-72 

11  H  ll'O  ....      672  ....      6-89  ....     11  H    ....  ll'O  ...;  6*37 

Zn.» 32-6  ....    19*92  ....    2010  ....         Zn  ....  32-6  ....  18-89  ....  1879 

6  O  48-0  ....     29*26  ....     29*14  ....     6  O  480  ....*  27*81 

HO  90  ....  6-21  ....    510 

(?2HUZnO«....  163-6  ....  lOO'CO  ....  lOO'OO  ....     +  Aq  ....172-6   ....  100*00 

Leucate  of  Lead,  —  On  adding  acetate  of  lead  to  a  solution  of  leucic 
acid  or  a  leucate,  a  copious  white  precipitate  is  produced,  which  is 
flaky,  and,  on  boiling,  dissolves  almost  entirely  in  the  liquid.  Any  por- 
tion remaining  undissolved  melts  into  a  white  mass,  which  is  soft  Hke 
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resin  while  wann,  but  becomes  brittle  and  hard  on  cooling.  This 
substance  is  insoluble  in  water  and  alcohol,  even  on  boilmg,  and 
seems  to  be  a  basic  salt. 

If  the  solution  of  lead  is  added  to  a  boiling  solution,  of  the  acid, 
no  precipitate  ensues,  acid  vapours  are  evolved,  and  the  liquid  becomes 
milky  on  cooling.  In  a  short  time,  it  deposits  the  lead-salt  as  a  light, 
granular,  white  mass,  which,  under  the  microscope,  appears  to  be  mado 
up  of  a  multitude  of  strongly  refracting  spherical  masses,  of  the  size 
of  human  blood-corpuscles.  This  salt  is  more  easily  soluble  in  an 
excess  of  the  acetate  than  in  water.  It  is  easily  soluble  in  sprit  of 
wine,  particularly  in  boiling  spirit.  Even  in  these  solutions,  basic  saltB 
are  easily  formed.  The  addition  of  water  to  these  solutions  produces 
a  precipitate.    (Thudichum.) 

Leucate  of  Cobalt.  —  The  dilute  aqueous  acid  boiled  with  excess  of 
carbonate  of  cobalt,  then  filtered  and  evaporated,  deposits  light  crusts 
of  a  pink  colom*  while  moist,  but  of  a  very  pale  rose-colour  or  almost 
white  when  dry.  The  salt  is  but  sparingly  soluble  in  cold  water,  and 
not  much  more  soluble  at  the  boiling  heat.  It  crystalUses  in  needles, 
which,  under  the  micrpscopc,  appear  to  be  arranged  in  globular 
masses* 


12  C 

11  H     

72 

....    44-85     . 
....      6-85    . 

...a          Io'iJO         I 

....     29-92     . 

Thadichum. 
mean, 

44-82 

6-77 

Co   

6  0 

....    30 

18-38 

30-03 

C«H"CoO« ... 

161 

....  100-00    . 

100-00 

Leucate  of  Copper.  —  When  a  dilute  aqueous  solution  of  leucic  acid 
is  treated  with  a  dilute  solution  of  ammonio-sulphate  of  copper,  the 
colour  of  the  copper-salt  changes  to  light  green.  On  boiling  the  hquid, 
it  becomes  -paler,  and,  on  cooling,  deposits  light  green  granules  of 
leucate  of  copper.  Under  high  powers  of  the  microscope,  these 
gfranules  appear  as  balls,  formed  by  a  radiary  arrangement  of  needles. 
(Thudichum.)  —  A  solution  of  leucic  acid  mixed  with  acetate  of  copper 
forms  a  green  flocculent  precipitate,  very  sparingly  soluble  in  water, 
even  at  the  boiling  heat,  but  easily  crystallised  from  boiling  alcohol, 
from  which  it  separates  in  very  beautiful  light  blue,  shining,  bullnr 
scales,  which  do  not  undergo  any  diminution  in  weight  at  100  . 
(Waage.) 

Waage.        Thudichum. 

12  C 7200  ....  44-25  ....  445 

11  H 11-00  ....  6-76  ....       6-9 

Cu    31-08  ....  19-49  ....  19-3      ....     1856 

6  0 4800  ....  29-50  ....  293 

CJ2H"CuO«  162-68     ....  100-00     ....  100-00 

Mercurom  Leucate.  —  When  to  a  solution  of  leucic  acid  a  solution 
of  mercurous  nitrate  is  added,  a  slight  turbidity  ensues.  The  addition 
of  carbonate  of  soda  produces  a  copious  reddish-white  precipitate, 
which,  on  boiling,  becomes  red,  then  dull  grey,  and  deposits  metallic 
mercury  at  the  bottom  of  the  tube.     (Thudichum.) 
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Mercuric  Leucaie  may  be  prepared: — a,  .Directly,  by  dissolving 
freshly-precipitated  moist  mercuric  oxide  in  aqueous  leucic  acid.  A 
flaky  precipitate  gradually  ensues,  which,  on  heating,  becomes  red  and 
granular,  and  adheres  to  the  sides  of  the  glass.  On  cooling,  a  new 
precipitate,  consisting  of  whitish  globules,  is  deposited.  —  b.  By  adding 
mercuric  nitrate  to  an  aqueous  solution  of  leucic  acid.  A  whitish-red 
precipitate  is  formed,  which  dissolves  on  boiling,  and,  on  cooling,  is 
again  deposited  in  reddish  granules.  —  c.  By  adding  the  mercurial  solu- 
tion to  the  leucate  of  an  alkali. 

The  leucates  of  both  oxides  of  mercury  have  a  great  tendency  to 
become  reduced.  The  mercuric  salt  easily  passes  into  the  mercurous 
salt.  The  mercuric  salt,  moreover,  has  a  great  tendency  to  become 
basic  and  insoluble.    (Thudichum.) 

Leucate  of  Silver,  —  a.  Neutral.  —  Obtained  by  adding  nitrate  of 
silver  to  the  solution  of  the  acid  neutralised  with  ammonia,  or  by 
boiling  the  acid  with  oxide  of  silver,  and  may  be  rendered  quite  colour- 
less by  recrystallisation  from  boiling  water,  in  which  it  is  moderately 
soluble.  It  is  anhydrous.  (Waage.)  Nitrate  of  silver  added  to  a 
warm  solution  of  leucate  of  ammonia,  potash  or  soda,  forms  a  copious 
white  crystallme  precipitate,  which  increases  as  the  Uquid  cools,  and 
blackens  if  left  in  the  mother-liquor.    (Thudichum.) 

Dried  over  oil  qf  mtriol.  Waage.    Thadicham. 

12  C ;...     72    ....     30-13 

11  H 11     ....      4-60 

Ag 108    ....    45-19    ....    45-2    ....     44-14 

6  0 48    ....    20-08 

C>»H"AgO»  239    ....  100-00 

The  salt,  dried  oTer  the  water-bath  below  100**,  became  brown  and  continiied  to  lose 
weight.  (Tbudichum.) 

Acid  salt, — A  hot  dilute  solution  of  leucic  acid  decompoBeB  recently- 
precipitated  carbonate  of  silver  with  effervescence.  The  excess  of 
carbonate  of  silver  and  the  undissolved  portion  of  the  leucate  become 
blackish-grey,  but  the  acid  is  not  entirely  neutralised.  The  hot  filtrate 
forms  no  deposit  on  cooUng.  The  attempt  to  evaporate  it  over  the 
water-bath  produces  a  black  precipitate  of  reduced  silver.  It  must, 
therefore,  be  evaporated  in  vacuo  over  oil  of  vitriol.  After  prolonged 
standing,  a  few  ciystals,  of  a  glassy  lustre  and  appearing  under  the 
microscope  as  groups  of  rhombic  plates,  are  deposited  at  the  margin  of 
the  dish.  The  liquid  then  becomes  covered  with  a  pellicle,  and  evapo- 
ration is  impeded.  At  a  later  stage,  conglomerates  of  needles  are 
deposited,  wnich,  when  carefully  dried  over  sulphuric  acid  in  vacuo, 
appear  a  little  blackened,  like  most  silver-salts,  but  are  not  decom- 
posed. Silver  by  analysis  26*97  p.  c.  ;  the  formula  requires  29*1  p.  c. 
(Thudichum.) 

Leucic  add  is  soluble  in  alcohol  and  in  €thei\  (Strecker,  Thudichum, 
Waage.)    T- 
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Appendix  to  Compounds  containing  24  atoms  of  Carbon. 

FazLaqnilone. 

S.   Garmqties.     Ann.  Pharm.  90,   231 ;    Pharm.   Centr.   1854,   721  ; 
J.pr.  Chem.  63,  97. 

Occurrence*    In  the  root  of  American  ginger,  Panax  quinquefoUus. 

Preparation.  The  aqueous  infusion  of  the  root  precipitated  in  the 
cold  is  freed  from  albumin  by  heating ;  the  filtrate  is  evaporated  to  a 
syrup,  and  precipitated  with  a  strong  solution  of  sulphate  of  soda ;  and 
the  brown,  glutinous  precipitate  is  washed  with  the  same  solution  and 
heated  with  absolute  alcohol.  Panaquilone  then  dissolves,  remains 
behind  when  the  alcohol  is  distilled  off,  and  may  be  purified  by  solution 
in  water,  treatment  vnith  animal  charcoal,  evaporation,  and  re-solution 
in  absolute  alcohol. 

Properties.  Amorphous,  yellow  powder,  having  a  bitter-sweet 
taste.    Free  from  nitrogen. 


2A  CI 

a. 
....  144 

....    4C'01     ....    40  C  ........ 

....  240 

....      4D  9O 

....       804 
....     45*98 

Garriqnes. 
mean 
at  100^ 

45-94 

25  H 

....     25 

....       7*98    ....    42  U 

....     46-01     ....     30  O 

....    42 
....  240 

8-05 

&o  \J   •  •  ......••i 

....  144 

46-01 

C«H»0»  .... 

....  313 

...  100-00    ....    C«H«0" 

....  522 

....  100-00 

100-00 

«•  Aoeording  to  GamqneB. 

Decompositions.  1.  When  heatedy  it  melts,  decomposes,  and  bums 
away  witnout  residue.  —  2.  It  dissolves  in  oil  of  vitriol^  with  fine 
purple-red  colour,  and  water  added  to  the  solution  throws  down  white 
panacone ;  hydrochloric  and  nitric  acids,  with  aid  of  heat,  produce  the 
same  transformation.  In  this  reaction,  carbonic  acid  is  evolved,  but 
no  sugar  is  formed : 

CMHasQis  =  C^H^BOB  +  2C0»  +  6H0  (Gamqucs). 

Coinbtntaions.  Panaquilone  dissolves  readily  in  tcater.  The  solution 
is  not  precipitated  by  acids,  mercwic  chloride,  or  bichloride  of  plantinum; 
it  is  coloured  brown  by  alkalis. 

Panaquilone  dissolves  easily  in  alcohol,  but  is  insoluble  in  ether. 
From  its  aqueous  solution  it  is  precipitated  by  tannic  acid. 


Panacone. 

Oarmqttes.    Ann.  Pharm.  90,  238;  J.pr.  Chem.  63,  97;  Pharm.  Centr. 
1854,  321. 

F(»'mation  and  Preparation.    When  panaquilone  is  dissolved  in  oil 
of  vitriol,  or  when  its  aqueous  solution  is  heated  with  hydrochloric  or 
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nitric  acid,  it  is  resolved  into  panacone,  which  separates  out,  and 
carbonic  add  and  water : 

C«H»OW  «  CaHMQs  +  2C0»  +  6H0  (Gamques.) 

Properties,  White  tasteless  powder,  composed  of  microscopic 
crystals. 

Calcuiaiion  according  to  Gamques.  Gamques. 

22  C 132     ....    61-43    59*22     ....     6106 

19  H 19     ....      8-83    8-93     ....      8-85 

8  0 64     ....     29-74     31'86    ....    30*09 

C»HMO»  215    ....  10000    100-00    ....  100  00 

The  formuk,  which  does  not  accord  with  the  principles  of  this  Work,  may  perhaps 
be  made  correct  by  doubling  (Kr.). 

Panacone  melts  when  heated^  and  bums  with  flame.  —  Hot  con- 
centrated nUHc  acid  converts  it  into  oxalic  add. 

It  is  insoluble  in  toaterf  dissolves,  with  purple  colour,  in  oil  of  vitriol^ 
and  is  precipitated  therefrom  by  water.  —  It  is  not  altered  by  aUcoMe, 
— -  It  is  soluble  in  alcohol^  but  insoluble  in  ether. 


Carbo-hydrates  or  Saccharoidal  Substances. 

The  bodies  belonging  to  this  group  cannot,  with  certainty,  be  arranged  in  the  gene- 
ral ayatem.  The  order,  in  which  they  are  here  described,  is  such  that  a  compound, 
in  which  (independently  of  crystallisation-water)  the  sum  of  the  hydrogen  and 
oxygen-atoms  is  expressed  by  a  smaller  number,  takes  precedence  of  one  in  which 
that  sum  is  larger.  The  compounds  derived  from  these  carbo-hydrates  (mannitan, 
xylofdiBy  Bttlphosaccharic  add,  &c.),  are  likewise  arranged  independently  of  the  nucleus- 
system,  being  placed  immediately  after  the  primary  compound.  Moreover,  as  the 
compounds  containing  12  atoms  of  carbon  have  already  been  described  (vol.  xi.),  it  is  a 
matter  of  necessity  to  treat  all  carbo-hydrates  in  connection  with  the  24-carbon  com- 
pounds, without  entering  upon  the  question  whether  their  molecule  really  contains  12 
or  24  at.  C.  (Kr.). 


CarhO'hydratee  C"H«0*. 

Phloroglucin. 

C«H«0»  or  C«*H»K)» 

Hlasiwetz.  Wien.  Akad,  Ber.  17,  382.  J.  pr.  Chem.  67,  105 ; 
abstr.  Ann.Fharm,  96,  118;  Chem.  Gaz.  1856,  81;  Lieb.  Kopp, 
Jahresber.  lS5b,  700.— Wien.  Akad.  Ber..  36^  401;  Ann.  Fharm. 
112,  96;  J.pr.  Chem.  78,  257;  abstr.  Chem.  Centr.  1860,  132;  B^. 
Chhfi.  pure,  2,  189 ;  Kopp'a  Jahresbe?*.  1859,  524.  —  Wien.  Akad. 
Ber.  48,  451;  Ann.  Pharm.  119,  199;  Eep.  Chim.  pure,  1861, 
459. 

VOL.  XV.  P 
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Terbromophloroglucin. 

C»Br>H?(y. 
Hlasiwetz*     Wkn.  Ahad.  Ber.  17,  394. 
Formation,    (p.  67) 

Prq^araiion.  Bromine  is  dropped  into  concentrated  aqueoos-plilo- 
rogludn  till  the  colour  of  the  bromine  is  no  longer  destroyed,  and  the 
liquid  has  solidified  to  a  crystalline  pulp;  this  product  is  collected 
on  a  filter,  washed  with  cold  water,  and  recrystallised  from  boiling 
water  with  help  of  animal  charcoal 

Properties.      See  Hydrated  Terbromopbloroglucin.      This  compound  gives 

off  12*92  p.c.  water  (calc.  6  at.  »  12-94)  and  then  easily  falls  to  powder. 


12  C 

3  Br    

3  H 

Dried. 

72    ....     19-83    .. 

240    ....     66-11     .. 

Hlasiwets. 
mean. 

2003 

66-07 

......         X  O/ 

6  O 

48     ....     13-24     .. 

12'63 

C»H»Br»0«  ... 

363     ....  100-00    .. 

100-00 

Appears  to  be  partly  decomposed  by  boiling  with  water. 

Combinations.  With  Water.-^A.  Hydrated  Terbromophloroglucin. 
Crystallises  from  water  in  long  needles  (mostly  brownish),  from  alco- 
hol in  concentrically  united  prisms,  which  give  off  their  water  in  warm 
air  or  at  100",  and  are  reduced  to  anhydrous  terbromophloroglucin. 


Oy9taU. 

12  C 

3  Br  

.....      i£ 

240 

....     17-26    . 
....     57-31     . 

....         £' lO      . 

....     23-28     .. 

Hlasiwets. 
Mteoft. 

17-44 

57-25 

9  H    

2-27 

12  O    

96 

23-04 

C»H«Br»0«+6Aq  ... 

417 

....  100-00     . 

100-00 

B.  Amieotts. —  Terbromophloroglucin  dissolves  very  slightly  in  cold, 
more  freely  in  boiling  vxiter. 

It  is  dissolved,  with  brown  colour,  by  alkalia  and  their  carbonates. 
It  dissolves  very  readily  in  alcohol. 


Nitrophloroglucin. 

Hlasiwetz  &  Pfaundleb.    Ann.  Fharm.  Ill,  199. 

Kitric  acid  acts  Tiolently  on  phlorogludn,  even  in  the  cold,  and  forms,  with  great 
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erolntion  of  heat,  a  blood-red  solution  which  gives  off  a  large  qnantity  of  gas  and  be- 
comes lighter,  oxalic  acid  bebg  formed  in  it  When  phloroglucin  Ib  added  by 
small  quantities  to  somewhat  dilute  nitric  acid  moderately  heated  and 
kept  at  a  uniform  temperature,  a,  deep  red  solution  is  formed,  which 
deposits  small  nodules.  These  are  purified  by  recrystallisation  from 
hot  water. 

Reddish  yellow  shining  scales  and  laminae,  having  a  slightly  bitter 
taste.    They  are  sparingly  soluble  in  water,  but  colour  it  yellow. 

Hlasiwetz  &  Pftnndler. 

12  C 72     ....     42-10     42-04 

N 14     ....       8-18  8-36 

6  H 5     ....       2-92    3-24 

10  0 80     ....     46-80  46-36 


C«XH»0« 171     ....  100-00  10000 


Fhloramine. 

C^NH'O*  =  C»AdH»0*,H«  ? 

Hlasiwetz  &  Pfauivdleb.     Wien.  Ahad.  Ber,  43,  451 ;   Arm.  Fharm. 
119,  202 ;  abstr.  Chem.  Centr.  1861,  610. 

PhlorogluGiD,  over  which  dry  ammonia  gas  is  passed,  absorbs  large 
quantities  of  it»  and  melts ;  and  if,  as  soon  as  the  formation  of  water 
has  ceased,  the  resulting  crystalline  mass  is  dissolved  in  wai-m  water, 
crystals  of  phloramine  are  obtained. —  The  brown  solution  of  phloro- 
glucin in  5  pts.  warm  aqueous  ammonia,  deposits,  after  standing  for 
some  time,  crystals  which  must  be  purified  by  recrystallisation  from 
warm  water,  and  dried  as  quickly  as  possible  in  vacuo  over  oil  of 
vitriol. 

Properties.  Thin,  delicate,  micaceous  laminsB,  which  separate  from 
the  filter  in  the  form  of  a  film  having  a  silky  lustre.  Taste,  slightly 
astringent.    Permanent  in  dry  air. 

Hlasiwetz  &  Pfanndler. 
Over  oil  qf  vitriol.  mean. 


12  C 

....     72 

....     57-60 
....     11-20 
....       5-60 
....     25-60 

67-39 

N 

7  H 

4  O 

....     14 
...       7 
....     32 

11-37 

5-78 

25-46 

C»NH7a*J.... 

....  125 

....  100-00 

100-00 

Decompositions,  1.  Phloramine  heated  over  the  water-bath  acquires 
a  lemon-yellow  ftnd  ultimately  a  dirty  brown  colour,  losing  wei^t  at 
the  same  time  and  becoming  insoluble  in  water.    After  6  hours  drying,  the  loss 

amounts  to^6  p.  c. ;  after  3  hoars  drying,  the  product  contains  59*82  p.  c.  C.,  5*82  H.; 
after4  hours,  60-78  C.«  5-77  H.;  after  6hours,  61*38  p.c.  C,  5*70  H.,  and  11-90  N., 
and  therefore  differs  from  phloramine-  by  containing  between  \  and  1  at.  less  water.  •— 

2.  Phloramine  either  moist  or.  dissolved  in  water  turns  brown  when  ex- 
posed to  the  air. —  3.  Fuming  nitric  acid  acts  violently  on  phloramine, 
producing  a  yellowish-red  solution  from  which  dark  brown  crystals  sepa- 
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rate,  probably  a  nitro-compound.  The  same  crystals  are  produced  when 
nitrate  of  phloramine  is  kept  in  the  moist  state. —  4.  When  phloramine 
is  heated  over  the  water-bath  with  oil  of  vitriol^  a  conjugated  sulphuric 
acid  is  formed,  whose  baryta-salt  crystallises  in  needles.  This  baryta- 
salt  and  the  solution  obtained  by  heating  phloramine  with  oil  of  vitriol, 
diluting,  neutralising  with  carbonate  of  baryta,  boiling  and  filtering, 
acquires  a  fine  violet  colour  on  addition  of  sesquichloride  of  iron,  even 
if  the  liquid  is  very  dilute,  just  as  tyrosine  (xiiL  858)  does  when  simi- 
larly treated. —  5.  By  chlorate  of  potash  and  hydrochloric  acid,  phloramine 
is  converted  into  a  dark  brown  resin  which  gradually  becomes  lighter 
in  colour,  and  when  distilled,  gives  off  a  small  quantity  of  oil  having  an 
intensely  strong  odour  (perhaps  chlorinated  acetone),  and  leaves  a  resin. 
No  cfaloranU  is  ibnned  in  this  reaction.  —  6.  When  ammoniacal  phloroglucin 
is  exposed  to  the  air,  the  phloramine  formed  in  the  first  instance  dis- 
appears, and  the  Uquid  dries  up  to  a  black  shining  brittle  mass,  which 
dissolves  in  aqueous  ammonia  and  is  thrown  down  by  acids  as  a  black- 
brown  precipitate.  This  precipitate,  after  being  washed,  dried,  again  washed  with 
warm  water,  and  again  dried,  resembles  pnlverised  glance-coal,  and,  though  not  of  per- 
fectly uniform  composition,  contains,  on  the  average,  69*6  p.  c.  C,  4*4  H.,  and  4*2  N. 
Perhaps,  therefore,  C^'NHi'O^  (calc  60*5  C,  4*2  H.,  3*9  N.),  formed  from  3  at  phloro- 
glucin, i  at.  ammonia,  and  2  at  oxygen,  with  elimination  of  6  at.  water. —  7.    B] 

aqueous  aUcaUs^  phloramine  is  coloured  dark  and  decomposed.  < 
does  not  reduce  iUver  from  its  solution  when  heated  therewith. 


-7.    By 
.—  8.   It 


Combinations.  Phloramine  is  sparingly  soluble  in  cold  water.  The 
solution  does  not  colour  auquichloride  of  irony  or  form  a  precipitate  with 
neutral  acetate  of  lead  or  nitrate  of  silver.  « 

It  unites  with  acids,  forming  salta  which  crystallise  well,  and  are  all 
soluble  in  alcohol. 

m 

Sulphate  of  Phhramtne.-^  A  solution  of  phloramine  in  dilute  sulphu- 
ric |acia  yields  by  spontaneous  evaporation,  long,  yellowish,  brittle 
needles,  which,  when  heated  over  the  water-bath,  acquire  a  bright 
yellow  colour  and  give  off  9*38  p.c.  water  (2  at  =  9*87  p.c.) 

Dried.  Hlasiweta  &  Pfiumdler. 

C«NH70*,H0 134     ....     77-01 

SO»    40     ....     22*99    ....     22*86 

C"NH70*,S0",H0  174     ....  100*00 

Hlasiwetz  doubles  the  formula,  in  accordance  with  the  bibasidty  of  sulphuric  add. 

Hydrochlorate  of  Phloramine. —  Phloramine,  on  which  strong  hydro- 
chloric acid  is  poured,  crumbles  to  a  sandy  powder,  which  dissolves  when 
heated,  and  senarates  on  cooling  in  yellow  shining  laminsB,  perhaps 
consisting  of  tne  anhydrous  salt.  After  solution  in  water,  white 
needles  and  lamineD  are  slowly  obtained,  which  turn  yellow  at  100^  and 
give  off  10*16  p.c.  water  (2 at.  -  1002 p.c.) 


Dri€d. 


12  C 

N 

8H 

40 

CI 


Hlaaiwtti  &  Pfaondlcr* 

72*0 

•*••       v4*do       (•«. 

....     44-78 

140 

....      8*67 

8*0 

•.*.          4  Vv       •••• 

....      4*98 

320 

....     19*82 

35-5 

..««       •i*90       .■•* 

....    21*64 

CWNH70*,HC1  161*5    ....  100*00 
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Nitrate  of  Pkloramne, —  Phloramine  dissolves  rapidly  in  warm  mode- 
rately concentrated  nitric  acid,  the  solution  yielding  the  salt  in  shining 
bronze-coloured  laminee  and  needles.    (Deoompositions  p.  70.) 

at  100"*  Hltaiwets  &  Pfaandler. 

12  C     72     ....  38-29     38-23 

2  N 28     ....  14-89     1459 

8  H 8     ....       4-25     4-67 

10  0 80    ....  42'67     42-51 

C»NH70*,N0»,H0  188     ....  10000    10000 

Acetate  of  Phloramine. —  The  solution  of  phloramine  in  glacial  acetic 
acid  dries  up  to  a  yellow  vamish  without  forming  crystals.  When 
water  is  poured  upon  it,  there  remains  a  yellow  powder  which  when 
heated  partly  melts  to  a  lesin  and  partly  dissolves. 

OaxUate  of  Phloramine  crystallises. 

Phloramine  dissolves  readily  in  alcohol,  but  is  insoluble  in  ^hir. 


Acetyl-phloroglaciii. 

C?*H"0»»  =  8C*H>0»,C"H«0«. 
Hlasiwetz  &  Pfaundleb.    Ann  Pharm,  119,  201. 

Chloride  of  acetyl  (iz.  191)  acts  on  phlorogluoin  even  at  mean 
temperatures,  and  at  higher  temperatures  converts  it,  with  evolu- 
tion of  hydrochloric  acid,  into  a  white  crystalline  mass,  which,  after  the 
excess  of  chloride  of  acetyl  has  been  expelled,  may  be  recrystallised 
from  alcohol. 

Small  colourless  prisms  which  ^ve  off  acetic  acid  when  heated. 
Insoluble  in  water. 

HIaihreti  &  Pfaandler. 
mean, 

24  C 144     ....     57-14     56-78 

12  H    12     ....       4-76     4-97 

12  0    96     ....     38-10     38-25 

C»3(C*H80«)»H80«  252     ....  100-00    100-00 

So  according  to  the  analogy  of  benxoylphloroglacin. — Analysis  gives  no  means  of 
determiaing  wh^her  1,  2,  or  3  at.  acetyl  have  entered  into  the  phloro^adfl  in  place  of 
hydrogen,  inasmuch  as  all  three  prodnets  tronld  hate  the  same  percentage  oompotition* 
(HkaiireU). 


Beiizoyl-phloroglacin. 

C^ffW*  =  3C"HK)",C*"H«0*. 

HLAsrwETZ  &  Pfaundleb.    Ann.  Pharm.  119,  SOl. 

Produced  by  the  action  of  chloride  of  benzoyl  on  phloroglucin,  and 
purified  by  boiling  with  alcohol,  in  which  it  is  nearly  msoluble.  SmaU, 
white,  shining  scales. 
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Ulasiwetz  &  Pfaandler. 

54  C   324     ..^     73-97     73-59 

18  H    18     ....      4-11     4-31 

12  O 96     ....     22-02     22-10 

C»(C"H»0')»H»0« 438    ....  10000    100-00 


Carbo-hydrates  C»H«»0»«. 

Starch. 

C»H«>0"  or  C»*H»0» 

KmcHHOPF.    (1811.)    Schw.  4,  112.— 14,  888 ;  Scher.  N.  Bl.  1,  144. 

Sgh£Beil    Scher.  N.  Bl.  1,  134. 

Gehlen.    Schw.  5,  32. 

VoGEL.    Schw.  6,  80;  Gilb.  42,  123.— Gt/*.  64,  167. 

Berzelius.     Ann.  Chim.  95,  82. — Ann.  Pharm.  30,  89;  J.pr.  Chem.  17, 

180 ;  Compt.  rend.  1839,  628 ;  Ann.  Chim.  Phye.  70,  215. 
Daniell.     Ann.  Chim,  Phys,  10,  219. 
Th.  db  Saussure.     Ann.  Chim.  Phys.  2,  387.— 11,  379  ;  iS'cAir.27,301; 

N.  Tr.  4,  2,  112.'— 5t&/.  wiivers.  53,  260;  abstr.  J.  Pharm.  19,  578; 

Schw.  67,  188 ;  Pogg.  32,  194. 
CouvEBCHEL.     J.  Pharm.  7,  267. 

Caventou.     Ann.  Chim.  Phys.  31,  337;  2^.  Tr.  13,  2,  89. 
Baspail.      Ann.  Sc.  not.  2.-^  Ann.  des  Sc.  d^observation  3,  216. 
DuBRUNFAUT.     M^.  de  la  Soc.  centr.  cPagricuU.  1823,  146. 
GuiBOUBT.     J.  Chim.  med.  5,  96 ;  Br.  Arch.  31,  276;  abstr.  Ann.  Chim. 

Phys.  40,  183 ;  Schw.  56,  78;  N.  Tr.  19,  2,  93. 
Payen.     J.  Chim.  mSd.  2,  237.-9,  507  &  569 ;  Ann.  Chim.  Phys.  53, 

82;  abstr.  Schw.  69,  119.— Jn^i.  103,  135;  abstr.  Pogg.  37,  154.— 

Compt.  rend.  14,  533;  Ann.  Pharm.  30,  95  ;  J.pr.  C/iem.  17,  185. — 

Comp.  rend.  18,  240.— 23,  337.— 25,  147.— 48,  67;   abstr.  Chim. 

pure  1,23S;  N.J.  Pharm.  35,  106;   Inst.  1859,  20.— Ann.  Chim. 

Phys.  61,  355. — N.  Ann.  Sc.  nat.  Bot.  10,  58,  65,  8,  161;    Ann. 

Chim.  Phys.  65,  225 ;  abstr.  J.  pr.  Chem.  14,  65. 
Paten  &  Persoz.     J,  Chim.  med.  9,582. —  Ann.  Chim.  Phys.  56,  337; 

J.pr.  Chem.  4,  288 ;  abstr.  Pogg.  37,  128. 
Chevrbul.     Inst.  62,  256  ;  abstr.  Pogg.  32,  398. 
Dumas.    Inst.  10,  82;  abstr.  Pogg.  37,  174. —  Traits  de  Chimie  appliques 

aux  artSy  6,  81.— .4n».  des  Sc.  natur.  1839. 
BiOT  &  Persoz.    Ann.  Chim.  Phys.  52,  72  ;  Schw.  68, 163  ;   abstr.  Pogg. 

32,  160 ;  Ann.  Pharm.  6,  209. 
Guerin-Varry.      Ann.    Chim.  Phys.  56,    225 ;   J.  pr.   Chem.   3,    329 ; 

abstr.  Ann.  Pharm.  13,  71;   Pogg,  37,  118.  —  Ann.  Chim.  Phys.  57, 

108. —  Ann.  Chim.  Phys.  60,  32 :  abstr.  Ann.  Pharm.  17,  26 ;   Poaa. 

37, 141.— ^n».  Chim.  Phys.  61,  66 ;  J.pr.  Chem.  7,  205. 
Fritzche.     Pogg.  32,  128. 
Mulder.    J.  pr.  Chem.  15,  299. 
Brunner.    Pogg.  34,  319. 
PoGGENDORFF.    Poyy.  37,  114. 
Jacquelain.    Ann.  Chim.  Phys.  73,  167. 
MiTSCHERLiOH.     Pogg.  55,  221 ;  N.  Ann.  Chith.  Phys.  7,  27. 
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BiOT.    N.  Ann.  Chim.  Phys,  11,  100 ;  Inst,  3,  13. 

BLOin[>£AT7  DB  Carolles.    Rev.  ScienL  15,  69  ;  abetr.  «/.  pr,  Chem.  33, 

439 ;  Ann,  Pharnu  52,  416. 
V.  J^AUNOWSKY.     J.  pr.  CTiem.  35,  193. 
Febliko.    Ann,  Pharm,  55,  13. 
ScHWABZ.     Ann,  Pharm,  70,  55. 
BAixma.     Gahrungschemie^  Prog.  1845,  2,  11. 
SoHLEiDEN.     Qrundzuge  der  wmensch,  Bot,    Leipzig,  1849,  1,  176. 
J.  Deak.    ^Value  of  different  kinds  of  prepared  vegetable  food,    Cambridge, 

U.S.,  1854. 
Bi^CHAMP.     Compt,  rend,  39,  653 ;  Inst,  1854,  338 ;  J,  pr,  Chem.  64,  38 ; 

Pharm,  Centrbl,  1854,  S6d,— Compt.  rend,  42,  1210;  N,  Ann,  Chim, 

Phys,  48,  458 ;  abstr.  Inst,  1856,  234 ;  Ann,  Pharm.  100,  364 ;  J,  pr. 

Chem,  69,  447. 
Nageli.    Flora^  ^1856,  No.  38  —  41 ;  abstr.  Ph^ma.  Vierteyahr.  6,  256. 

—  Die  Starhmehlkdrnerj  1858. 
Tb^cul.     Compt,  rend,  47,  685  &  782 ;  Inst,  1858,  358. 
Niepce  &  CoRviaAJtT.     Compt,  rend,  49,  368 ;  Inst.  1859,  287 ;  abstr. 

Ann.  Pharm,  113,  112. 

Memoirs  especially  relating  to  Iodide  of  Starch. 
CouK  &  Gaultier  i>£  Claubrt.    Ann  Chim,  90,  93 ;  Schw.  13,  453 ; 

GUb,  48,  298. 
Stromeyeb.     Gilb.  49,  146. 
Bbugkatelli.    Ann,  Chim,  Phys,  4,  384. 
GiESECKE.    Schw,  43,  367. 
Payen.     J,  Chim,  med.  8,  513.  — 9,  449;  Ann.  Chim,  Phys,  bS^   109; 

Pogg,  39,  624  ;  Schw,  69,  85.—  J.  Chim.  med.  9,  648  &  705.— 14,  269. 
Langlois.    J,  Pharm,  20,  576. 
Jacquelain.     Ann,  Chim,  Phys,  73,  196. 
Peixetieb.    Bull,  Pharm,  6,  288. 

Blondlot.    N.  Ann  Chim,  Phys,  43,  225  ;  N,  J.  Pharm,  28,  45. 
B^CHAMP.     N,  J,  Pharm.  27,  406,  —  28,  303. 
PiSAKi.     Compt.  rend.  43,  1118;  J.pr.  Chem,  70,  382. 

Metnoirs  relating  especiaUy  to  soluble  sta^xh. 
Maschke.     J,  pr.  Chem.  56.  409 ;   Pharm,   Centrbl,  1852,  609 ;    J,  pr. 

Chem.  61,  1 ;  Pharm.  Centrbl.  1854,  337 ;  N.  J.  Pharm.  25,  237. 
B^HA3fp.    See  above. 

StSrke,  Satzmehl,  Krqfimehl,  AmylrnHf  Amidon,  Maiiire  amylacU*'^^  Known 
to  the  ancients ;  prepared  from  wheat,  especially  in  Crete  and  in  Egypt; 
according  to  Dioscorides,  it  was  called  afwXov  by  the  Greeks,  because  it 
could  be  obtained  without  grinding  with  mill-stones.  It  was  first 
separated  from  flour  by  Beccari,  in  1745. 

Sources.  Starch  is  very  widely  diffused  in  the  vegetable  kingdom. 
It  occurs  in  variable  quantity,  for  a  time,  at  least,  in  every  plant  that 
has  been  examined.  It  is  especially  abundant  in  certain  famOies  of 
plants,  and  occurs  in  very  large  quantity  in  certain  organs,  especially 
in  the  albumen  of  the  seeds  (not  in  those  of  acotyledons :  Wahlenberg 
N.  Gehl.  81,  108),  in  the  cotyledons  of  the  embryo ;  in  the  pith  of  the 
stem  and  stalks ;  in  bulbs,  tubers,  rhizomes,  and  roots ;  also  m  the  bark 
and  splint  of  trees  in  the  winter-season ;  sometimes  in  the  flowers.    It 
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is  enclosed  in  vegetable  cells,  which  it  often  fills  completely,  or  is  scat- 
tered therein  in  granules,  but  is  never  attached  to  the  cell- walls  (Payen 
Compt,  rend,  18,  240) ;  according  to  Turpin,  on  the  contrary,  the  starch 
granules  are  attached  by  their  hilum  to  the  wall  of  the  cell.  Starch 
may  occur  in  the  cells  of  all  organs  of  the  greater  number  of  plants, 
but  not  in  the  youngest  cellular  tissue,  which  is  composed  of  nitro- 
genous matter  and  cellulose ;  thus,  it  does  not  occur  in  the  spongiolcs 
of  the  roots,  the  youngest  leaf -buds,  or  the  youngest  fonns  of  the 
flower,  in  the  iaterior  of  the  unimpregnated  ovary,  in  the  epidermis  and 
cells  lying  inmiediately  under  it,  or  in  the  vessels  and  intercellular 
passages.    (Payen.) 

Woody  plants,  which  are  green  in  summer,  contain  in  spring,  before 
the  commencement  of  vegetation,  granular  starch,  which,  as  the  sap 
begins  to  move,  is  gradually  dissolved  from  without,  inwards.  It  is 
distributed  through  all  parts  of  the  stem,  both  above  and  below  the 
surface  of  the  ground,  in  the  cells  of  the  parenchyma  and  prosenchyma, 
being  most  abundant  in  the  underground  wood,  less  in  the  stem- wood, 
least  in  the  branch  and  twig- wood ;  but  in  Fagiis  Syhatka  and  Carpinus 
hetalusy  it  is  most  abundant  in  the  cells  of  the  medullary  rays  of  l^e 
youngest  shoots.  (Hartig,  J,  pr.  Clienu  6,  217 ;  see  also,  Wahlenberg, 
N.  (Ml,  8, 108 ;  Eobert,  J.  Pharm.  4, 545  ;  Hunefeld,  J.  Pkarm,  16,  664.) 

Starch  has  been  found  and  partially  examined  in  the  following 
plants,  among  others:  in  some  Confervcs  (Mohl,  Meyer) ;  in  some  Choree^ 
but  not  in  all;  in  the  stalks  of  LycopodiacecB  (not  in  tne  seeds:  Schleiden), 
in  the  cellular  tissue  of  the  stem  and  branches  of  some  EhizocarpecB ; 
in  the  leaf- buds  of  Marchantia  and  Lanularia  (Vogel,  Linncea,  15,  59  j 
J.  pr.  Chem,  25,  382). — ^In  the  roots  of  Arctium  Lappa,  Atropa  Bella- 
donna, Polygorimm  Bistorta,  Spiroea  Jllipendula,  Scropkularia  nodosa, 
Sambucus  Ebulus,  and  S.  nigra,  Imperitoria  Ostruthium,  Bunium  Bidbo- 
castanum,  Orobus  tuberosus,  several  species  of  Bumex,  Hyoscyamua  nigtr 
(Parmentier);  Convoltmlii8Jalappas,TidC.Turpethum,Bkeumpalmatum,  and 
R,  rhaponticum,  Pceonia  officinalis,  Valeriana  officinalis,  Aristolockia  Ckma- 
titis,  and  A,  Serpentaria,  Polypodium  Filix  mas,  Geum  urhanum,  Alpinia 
Gaianga,  Fragaria  vesca,  Nymphosa  alba,  Brassica  Napus,  Laurm  Sassafras, 
Apium  Petroselinum,  Urtica  dioUca,  Daucus  Carota  [according  to 
0.  Schmidt  (Ann.  Pharm.  83,  326),  it  is  not  found  in  this  plant,  but 
according  to  Wittstein  {Pharm.  Vierteljahr.  2,  122)  it  is],  Tropceolum  , 
m£tjus  (not  in  the  roots,  but  in  the  stem,  leaf -stalks  and  seeds ;  Htine- 
f eld),  in  various  species  of  Rumex,  Malva  sylvestris,  Olycyrrkiza  glabra, 
Coddearia  armoracia  (not  in  the  seeds,  HunefeldJ.  AUlioea  officinalis, 
Ononis  spinosa,  Hwnulus  Lvpulus  (Robert,  J»  Pharm.  4,  542) ;  of  Asclepias 
^friaca  (not  in  the  part  of  the  plant  growing  above  ground),  abundantly 
in  the  roots  of  Triglochin  maritimum,  of  various  species  of  Plantago,  in 
OrchidacecB,  Iridaceas,  Ranunculacece ;  sparingly  in  the  several  species  of 
Rumex,  not  at  all  in  the  roots  of  SyngenesicB  and  Tetra(fynamicB  (Htinefeld) ; 
of  Cephalis  Ipecacuanha  (Willigk,  Wien.  Akad.  Ber.  5,  190),  Bryonia  alba 
(Parmentier,  Riegel,  Jahrb.  pr.  Pharm.  6,  35),  Cocculus  palmatus.  Pas- 
tinaca  sativa  (Payen) ;  of  vanous  species  of  Arum,  Callodium  Succulenr- 
turn,  various  species  of  Jatropha  (^cord,  Madianna,  J.  Pharm.  16,  313  ; 
Schtp.  59,  247} ;  of  Smilax  Sarsapartlla,  Daucus  Carota  (Schleiden.)  In 
the  tubers  oi  Sotanum  tuberosum,  of  Orchidacece,  of  Aponogeton  (Payen) 
of  IpomcBa  Batatas  and  I.  cperculata  (Buchner,  Repert.  81,  393),  Oralis 
crenata  (Payen). — In  the  root-stocks  of  Maranta  arundinacea  and 
M.  fndi<>af  of  rarious  species  of  Canna  (Payen,  Fritzsche,  Schleiden^ 
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Rcord,  Madianna) ;  Zm  Mais  (Payen,  Schleiden) ;  ZinnberacecB  and 
Dioscoreoe  (Ricord,  Madianna,  Schleiden) ;  Hedychium  (Fritzsche) ;  Vera" 
trum  (dhum^  Acorvs  Calamus^  Iris  germanica  (Robert)  ;  Curcwma  an* 
gusHfoUa  (Guibourt);  Curcuma  leucorrhiza,  Carex  arenaria^  Anatherum 
Iwarancusa,  Iridaeece,  LathrcBa  squamaria  (Schleiden).  —  In  the  nodular 
roots  of  Ficaria  vema  (Schleiden).  —  In  the  bulbs  of  LiliacecB  and 
ColchiacecB  (Schleiden).  —  In  the  stalk  of  Bemhardia  dichotoma 
(Schleiden);  in  the  wood-stem  of  Aescuhis  Hippocastanumy  Carpinus 
JBetulus,  and  various  spedes  of  Papulus,  Salix  and  Tilia,  amounting  to 
between  5  and  26  per  cent,  of  the  wood  (Hartig,  vid.  sup.) ;  in  the 
wood-stem  of  Oycadece  and  species  of  Sagua  (Payen,  Guibourt,  Schlei- 
den), CactacecB  (Payen),  BUlia  TankervilicBj  Dieffenhachia  seguine 
(Schleiden),  Arundo  saccharifera^  Phcmix  faranifera  (Guibourt).  —  In 
the  bark  of  AyUmtkus  glandulosa  (Schleiden),  sparingly  in  the  bark  of 
Pinus  sylvestrisy  Populus  nigra^  Laurus  Massoy,  Qeoffroya  surinamensis  and 
O,  Jamaicensia,  Drimys  Winteri  (Hiinefeld).  —  In  the  thickened  paren- 
chyma of  the  leaves  of  MaraWa  (Schleiden).  —  In  the  green  parts  of 
Chenopodxum  amln'osiotdes,  Achillea  millefolium,  Galeopsis  officinalis^  Teu- 
crium  marum,  Atropa  Belladonna^  Calendula  officinaHa  (Hiinefeld).  —  In 
the  flowers  (not  in  white  flowers)  of  Tropceolum  fnajuSy  HeUanthus  annuusy 
Oenothera  grcmdijhray  Potentilla  punica,  Heliopsis,  Tagetes  erecta*  (Hiine- 
feld, J.  pr.  Chem.  16,  87).  —  In  unripe  apples  and  pears  DSbereiner, 
J.pr.  Chem,  28,  167;  rayen,  CompU  rend,  58,  813).  The  existence  of 
Btareh  in  unripe  fruits  has  been  denied  by  some  authors ;  but,  according  to  Payen,  it 
may  always  be  found  in  unripe  fruits  having  an  acid  juice,  if  the  foUowing  method  of 
observation  be  adopted :  A  thin,  vertical  dice  of  the  fruit  is  cut,  and  immediately 
plunged  into  water,  in  order  to  avoid  the  action  of  the  air  on  the  colouring  matter 
contained  in  it,  and  to  remove  from  its  surface  all  those  soluble  substances  which 
mifcht  absorb  Iodine.  After  this  washing,  an  aqueous  solution  of  iodine,  slightly 
alooholised,  is  substituted  for  the  water,  and  the  slices  are  left  under  the  influence  of 
this  solution  for  an  hour  or  two.  Apples,  pears  and  quinces,  which  have  attained 
to  a  quarter  or  half  their  development,  exhibit,  when  thus  treated,  the  blue  or  deep 
violet  colour  which  indicates  the  presence  of  starch.     In  the  seeds  of  Oramm" 

acecB  (in  the  cereals,  however,  only  for  a  short  time  before  and  diuing 
maturity;  Hiinefeld),  of  LeguminoscBy  Chenopodiacecey  AmaranthaceoB^ 
CaryophyUaceaSj  Partulacece  (Trecul),  of  Beta  vulgaris  (Payen),  Momea 
americanay  LaaruSy  MeUa.  sempervirens  (Ricord),  Zea  Maisy  Oryza  sativa 
(Payen,  Lassaigne,  «/.  Chim.  mdd.  22,  4),  Alpinaria  Cardamomum 
(Schleiden),  Castanea  vesca  (Blanche  di  Comoy  87'5  p.  c. ;  B.  di  Oria^ 
38-02 ;  Vol  TravagUoy  23-0 ;  VallellinOy  23-3  p.  c),  (Albmi,  Wien.  Akad. 
^€r.  13,  502).  Aesculus  Hippocastanum  (Flandin,  Belloc).  Theobroma 
Cacao  (Lamp&dius,  Buchner,  Repert.  58,  166);  not  in  the  seed  of 
Theobroma  Cacao  (Delcher  &  Chevallier,  J,  Chim.  med.  14,  467 ; 
Herzog,  N.  Br.  Arch.  96,  216),  in  some  varieties  (Bley,  loc.  cit.).  In 
Trehaioy  the  exsudate  of  a  species  of  Echinopsy  probably  a  native  of 
Syria,  to  the  amount  of  66*54  per  cent.,  together  with  trehalose  and 
gum.    (Guibourt,  CompU  rend.  46,  1213.) 

Starch  is  formed  in  plants  only  when  the  nutriment  is  in  excess, 
and  is  dissolved  and  used  up  at  a  later  stage  of  the  vegetative  process, 
when  the  nutriment  becomes  deficient  (Payen) :  it  is  probably  formed 
from  vegetable  mucus  (Schleiden).  Before  the  starch  appears  in  the 
cells,  they  are  filled  with  agranular  or  homogenous  mass  (protoplasma^y 
the  development  of  which  is  slower  than  that  of  the  cell,  so  that  it 
spreads  itself  in  a  layer  of  vaiying  thickness  over  the  inner  surface  of 
the  cell,  enveloping  the  nucleus  perhaps  already  present,  and  sometimes 
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spreading  in  a  thread-like  form  over  its  surface ;  the  starch  is  most 
frequently  formed  in  this  protoplasma,  more  rarely  on  the  surface  or 
in  the  interior  of  the  nucleus.  (Trecul,  Compt.  rend.  47,  782.) 

On  the  quantity  of  starch  in  different  ports  of  plants,  according  to  Kroclcer  (Ann. 
Pharm,  58,  212),  see  in  GmeUn*9  Hand^uch,  Band  VIIT,  Phylochemie,  n.  672 ;  also 
GerhardVt  TraiiS,  torn.  ii.  p.  486. 

2.  In  the  Animal  Kingdom,  In  the  spleen,  liver,  kidneys,  mucous 
membrane,  bladder,  and  bram,  in  variable  quantities,  sometimes  in  the 
mucus  of  the  bronchisd  and  bladder,  in  the  urine,  in  cancerous  and 
tuberculous  exsudations  (Carter,  N,  Ann,  Chim,  Fhys.  56, 358 ;  Uep.  Chim, 
pure,  1, 475). — A  substance  resembling  starch  is  found  in  the  epithelial 
cells  of  the  membranes  of  the  amnios  and  placenta ;  in  the  epidermal 
cells  of  the  skin,  gums,  and  tongue ;  in  the  epitheUum  of  the  stomach 
and  intestines  (^uget,  Compt.  rend,  48,  792 ;  E^.  Chtm.pure,  1,  395). 
According  to  Dobson,  it  occurs  in  the  secretion  of  the  Pstflla^  an  insect 
which  lives  on  the  leaves  of  the  Eucalyptus  (Trecul,  Compt.  rend.  47, 
688). 

On  animal  amyloid,  a  substance  nearly  resembling  starch,  see  ffandbuek 
Band  Till,  Zoochemiey  s.  75 ;  the  recent  obserrationa  of  Keknl^  and  Panlitsky 
{Schmidt* »  medic,  Jahrb.  108,  7  and  10] ;  on  the  (not  yet  isolated)  Tegetable  amyloid, 
aee  Vogel  &  ScUeiden.  {Pogg.  46,  327).  —  The  hordein  or  cevadin  found  by  Proust 
{Ann,  Chim.  Phy$.  5,  339)  and  Bizio^  in  the  grain  of  barley  and  in  maize,  is,  according 
to  Braconnot  {Ann,  Chim,  Phgs.  35,  159)  and  Guibourt  (J.  Chim,  mid,  5,  158; 
Sehw,  56,  119),  a  mixture  of  woody  fibre,  starch,  and  nitrogenous  matter. 

Preparation.  1.  From  Wheat. — ^Wheat-starch,  Wdzenstarhmehlf  Wei- 
zenstarkey  Amidam^  Amidone.^^WheB,t  after  being  softened  in  cold  water, 
is  pressed  under  mill-stones  or  rollers,  or  in  bags  under  water,  as  long 
Bs  milky  water  runs  off  from  it.  This  Uquid,  when  left  to  itself,  deposits 
starch  containing  glutin;  the  latter,  however,  dissolves  for  the  most  part 
in  the  supernatant  liquid,  which  gradually  turns  sour  (sour  water),  and  on 
decanting  this  acid  liquid,  repeatedly  stirring  up  the  starch  with  fresh 
water,  and  leavingdt  to  settle,  it  is  at  length  obtained  pure,  and  mav 
be  dried  in  suitable  desiccating  chambers. — Wheat-flour  is  mixed  with 
4  to  5  volumes'  of  water,  and  -I  to  -j^  vol.  sour  water  obtained  from 
former  operations ;  this  sets  up  a  fermentation,  which  lasts  from  2  to 
4  weeks,  according  to  the  temperature,  and  is  interrupted  as  soon  as 
the  nitrogenised  substances  are  decomposed  and  dissolved.  The 
sediment  of  starch  which  remains  at  the  end  of  a  fermentation,  is 
repeatedly  washed  with  water,  sifted,  and  dried  in  desicating  cham- 
bers.-—Starch  may  be  freed  from  glutin  by  means  of  cold,  dilute  potash- 
ley  (KirchhofF),  or  by  distiUed  vinegar  (Saussure),  from  pieces  of  fat 
and  other  matter,  by  prolonged  treatment  with  cold  water,  alcohol,  or 
ether. 

2.  From  Potatoes.  —  Potato -starch,  Kartoffdstarhmehly  Fecule. — 
Washed  and  rasped  potatoes  are  drenched  in  a  sieve  with  a  continued 
stream  of  cold  water,  and  the  milky  liquid  which  runs  through  is  set  aside 
for  a  few  minutes,  till  the  heavier  impurities  have  settled  down,  and 
then  left  to  stand  for  3  or  4  hoiurs  in  another  pan.  The  starch  which 
collects  at  the  bottom  of  the  clear  liquid  is  stirred  up  with  water, 
poured  through  hair  sieves,  then  left  to  settle,  repeatedly  washed  with 
cold  water,  and  dried,  first  on  plates  of  gypsum,  afterwards  in  desic- 
cating chambers.    The  starch  thus  obtained  is  purified  by  successive 
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washing  with  the  following  liquids; — 1.  Cold  alcohol. — ^2.  Water. — 
8.  Water  containing  0"002  p.  c.  hydrochloric  acid. — 4.  Water. — 5.  Water 
containing  0*005  p.  c.  potash. — 6.  Water.  (Payen).  After  this  treat- 
ment, the  stai-ch  contains  hydrochloric  acid  (Jacquelain,  Gerhardt  TrcatSy 
2,  486),  but  may  be  purified  by  boiling  with  alcohol  containing  O'l  p.  c. 
hydrate  of  potash,  then  washing  with  pure  alcohol  and  with  water. 

8.  From  the  root-sprouts  of  Mctranta  incUca  and  M.  arundinacea. — 
American  starch,  Arrow-root. — ^Mode  of  preparation  the  same  as  2. 

4.  From  the  roots  of  Jan^ha  Manthot. — Tapioca. — The  washed  and 
bruised  roots  are  pressed  in  bags  under  water;  the  starch  which 
separates  from  the  milky  liquid  is  mealy  tapioca;  after  drying  upon  hot 
plates,  it  becomes  grantUar  tapioca;  the  portion  of  the  pulp  which 
remains  after  washing  and  pressing  is  spread  out  on  iron  plates  in  a 
layer  1  or  2  inches  deep,  and  strongly  dried  into  cakes ;  this  is  Cassava 
bread;  when  pulverised  it  forms  ManjoJc  flour^  and  when  again  heated 
on  iron  plates  till  it  sweUs  up ;  Mandiokka.  (Sureau,  J.  Pharm,  20, 622). 

5.  From  the  stems  of  several  species  of  Saffus  and  Cycas. — Sago. — The 
starch  is  washed  out  of  the  pith  of  the  stems  on  sieves  in  a  stream  of 
water,  then  left  to  settle,  washed  on  cloths  or  mats,  rubbed  when 
half  dry  through  metal  sieves,  and  when  thus  granulated,  it  is  dried  at 
about  60°  in  ovens  of  peculiar  construction. 

6.  From  Bice. — Rice  is  heated  with  weak  soda-ley,  which  dissolves 
the  nitrogenous  impurities,  and  leaves  pure  starch  (Lassaigne,  J,  Chim. 
mid.  22,  4),  then  with  a  solution  of  borax,  cream  of  tartar,  or  some 
other  salts,  to  facilitate  the  separation  of  the  starch  from  glutin. 
(Colmsum,  B^.  of  pat.  inventions,  88,  178.) 

7.  IVom  Horse'chestnuts,  4rc.  —  The  same  method  as  in  2,  excepting 
that  the  starch  is  likewise  well  washed  with  aqueous  carbonate  of 
soda,  to  remove  the  bitter  principle  (Flandin,  Compt.  rend.  27,  349), 
or  merely  with  water,  like  potato-starch  (Belloc,  Compt.  rend.  28,  88). 

Properties.  White  shining  powder,  soft  to  the  touch,  grating 
between  the  fingers  or  the  teeth,  sometimes  consisting  of  amorphous 
masses,  but  more  frequently  of  granules  recognisable  by  the  micro- 
scope. ^  These  granules,  of  various  diameter  ^from  -^  to  -^  of  a  line, 
Mtzsche),  (from  '185  to  '002  millimetres,  Payen),  and  form  TPayen), 
(mostly  egg-shaped,  according  to  Fritzsche  &  Schleiden),  have 
generaJly  a  small  eccentric  nucleus  (Fritzsche's  nucleus;  Schleiden's 
central  cavity)^  surrounded  by  layers  arranged  concentrically  one  over 
the  other  (Fritzsche,  Payen,  Schleiden).  These  envelopes  increase  by 
the  successive  deposition  of  new  layers  within  the  old  ones  (Schlei- 
den), BO  that  each  layer  is  younger  and  less  compactly  aggregated 
than  the  one  which  immediately  surrounds  it  (Payen) ;  and  since  the 
layers  are  for  the  most  part  of  variable  thickness,  they  cause  the 
granule  to  deviate  gradually  in  foi*m  from  the  originally  spherical 
nucleus.  (Schleiden.)  —  According  to  Maschke,  the  starch-granules 
appear  like  bundles  oi  8  —  6  concentric  bladders,  with  light  and  dark 
rings,  the  light  rin^s  being  formed  of  insoluble,  the  dark  of  soluble, 
starch,  and  enclosmg  the  central  cavity  of  the  innermost  bladder, 
which  is  either  empty  or  filled  with  liquid  amylone.    According  to  Pohl 
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Early  formul©  for  aterch :  C"H»K)",  Berzelius  j  C»Hi'"d'7,  Prout ;  Om^^O^^, 
Ga^rm-Vanry;  more  recent  formulBB :  C"HWO">,  Mulder;  C^^HWO'HO,  Payen. — 
The  opinion  which  was  expressed  by  Leenwenhoek,  as  early  as  1716,  as  to  the  difference 
between  the  en?elope  of  starch-grannies  and  the  substance  contained  within  it,  was  con- 
firmed by  Raspail  (AT.  Syst.  de  Chim,  org.  1833),  who,  however,  considered  the  con- 
tents as  chemically  different  from  the  envelope  of  the  starch-granules,  and  as  identical 
with  gam  arabic;  Guibourt  (/.  Chim.  mid,  5,  96)  regarded  both  envelope  and  contents 
as  chemically  the  same  and  only  differing  in  their  state  of  aggregation ;  he,  named  the 
contents  of  the  granules,  which  Raspail  had  called  gum,  fieuie  soluble,  and  supposed  it 
to' be  identical  with  the  substance,  called  Amidin  by  Saussore  {Awn.  Chim.  Phy9.  11, 
385)  and  Amidon  modifii  by  Caventou  {Ann,  Chim,  Phy9.  31,  337),  which  is  formed, 
according  to  the  latter,  when  starch  is  boiled  with  wat^r,  or  heated  above  100**  without 
water.  Gu^rin-Varry  nevertheless  concluded,  from  the  behaviour  of  starch  with  water, 
that  it  must  contain  three  constituents,  and  called  the  portion  soluble  in  cold  water 
Amidine,  that  which  is  insoluble  in  boiling  water  (the  envdope)  Amidine  iSffumentaire, 
and  that  whidi  by  itself  ia  insoluble  in  cold  water,  but  is  rendered  soluble  by  the 
amidme,  Amidine  Moluble,  According  to  him,  starch  consists  of  2*96  p.c  amidine 
iigmnentttire,  38'38  amidine  eoJuble,  and  58*68  amidine ;  the  composition  of  amidine 
Uffumeniaire  and  of  amidine  eoluble  corresponds  to  the  formuU  C^U^O^,  that  of 
amidine  to  the  formula  G^'^H^O*,  and  hence  the  composition  of  starch  {Amidone)f  which 
consists  of  amidine  and  amidine  eolukle,  must  be  represented  by  the  formula  C'^H^^^® 
=  C"H»0»  +  C7H*0*.  —  Payen  &  Perso*  (Ann.  Chim,  Phys.  56,  337)- regard 
search  (Amidone),  excepting  the  envelope  of  the  granules,  amounting  to  0*4  —  0*5 
per  cent.,  as  a  single  substance,  and  Gu^rin-Varry's  amidine  as  partially  decomposed 
amidone,  his  amidine  eoluble  as  amidone  in  the  free  state,  and  his  amidine  i^gumen^ 
teire  as  amidone  with  the  envelopes  of  the  granules.  Payen  {N.  Ann,  Sc,  nat,  Bot. 
10,  201)  recognises  no  chemical  difference  between  the  envelope  and  contents  of 
8tarch>granules,  and  ascribes  the  different  behaviour  of  the  outer  and  inner  layers 
to  certain  solvents,  to  the  former  containing  a  certain  quantity  of  albumin,  fixed 
and  volatile  oil,  lune-salts,  and  other  matters.  Wheat-starch  contains,  according  to 
Rousseau  (Po^^. '32,  101),  0*005  —  0*006  per  cent,  and  potato-starch  0*001  per  cent. 
of  a  white  tallow,  easily  soluble  in  alcohol;  according  to  Gu6rin-Varry,  nothing  but 
chlorophyll  and  wax,  and  no  volatile  oil  (Potato-fusel-oil),  whose  existence  ready 
formed  in  the  envelopes  of  the  granules  was  assumed  by  Payen  (Ann,  Chim.  Phys, 
53,  82;  J.  Chim,  mid,  9,  507).  Comp,  Dubrunf&ut  &  Beudant.  —  According  to 
Blondeaa  de  Carolles,  all  the  layers  of  the  starch-granule  are  chemically  the  same, 
but  differ  in  density.  According  to  Melsens  (Inet,  1857,  161),  starch  probably  consists 
of  a  nitrogenous  substance  (Dean  found  in  the  quoted  analyses  of  various  kinds  of 
starch  0*10^0*25  p.  cent,  nitrogen)  and  of  a  substance  allied  to  cellulose,  which 
envelopes  the  starch  strictly  so-called;  according  to  N&geli,  it  consists  of  two 
distinct  compounds,  which  form  a  sort  of  diffusion,  and  of  which  he  names  that 
one  which  is  soluble  in  saliva  granuloee,  and  regards  the  one  which  remains 
undissolved  as  eelluloee ;  the  latter  substance  is,  however,  not  cellulose  according  to 
Mohl  (Bot,  Zeit.  1859,  225  and  233),  who  doubts  the  occurrence  of  this  compound 
in  starch-granules  at  all. 

Decompositions.  1.  Starch  Jieated  to  160°  is  changed  ( — according  to 
Maschke,  first  into  the  modification  soluble  in  hot  water,  then — )  into 
dextrin.     (Vauqnelin  &  others). 

It  becomes  coloured  and  froths  up  as  the  temperature  is  raised, 
and,  if  constantly  stirred,  yields  a  melted  mass,  which,  at  220°— 230°, 
consists  chiefly  of  pyrodextrin  with  a  little  unaltered  and  burnt  starch. 
(Gelis,  N.  Ann.  Chim,  Phys.  52,  388.)  Starch  dried  at  100°  remains 
unchanged  at  160°,  but,  when  heated  for  half  an  hour  to  200°,  it 
becomes  brownish  yellow,  without  appreciable  loss  of  weight  (in  the 
same  way  as  ondried  starch  at  160°),  for  the  most  part  soluble  in  water, 
and  its  specific  gravity  rises  to  1*555.  Air-dried  starch,  heated  in  a 
sealed  tube  to  200°  for  an  hour,  or  starch  heated  in  the  air  to  205°  -  215°, 
is  changed  into  a  transparent,  melted  mass ;  and  when  in  this  way  the 
maximum  degree  of  solubiUty  in  water  has  been  reached,  it  is  entirely 
converted  into  dextrin.    (Payen.) 
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Air-dried  potato-starch,  heated  in  a  sealed  tube  in  a  water-bath  for 
a  day,  shows  no  outward  alteration,  but  does  not  form  a  paste  when 
boiled  with  water ;  and,  when  this  solution  is  left  to  stand,  the  undis- 
solved portion  soon  settles  down.  The  filtered  solution  treated  with 
an  equal  quantity  of  alcohol  of  sp.  gr.  0*833,  yields  a  deposit,  which,  if 
collected  after  some  hours,  the  spirit  being  allowed  to  drain  away 
(while  stiU  moist,  therefore  (Kr.),  constitutes  Maschke's  soluble, 
starch :  a  white,  salve-like,  sticky  mass ;  easily  soluble  in  cold  water, 
and  also  in  dilute  spirit.  —  When  this  substance  is  spread  upon  glass 
plates,  and  exposed  for  some  hours  for  the  spirit  to  evaporate,  it 
contracts  from  loss  of  moisture,  and  then  resembles  coagulated  albu- 
min (in  being  a  white,  moist,  somewhat  elastic  mass,  but  not  sticky), 
and  thereby  (or  when  completely  dried,  when  it  has  the  appearance  of 
a  hard,  transparent,  yellow  gum)  loses  its  solubility  in  cold 
water,  but  is  still  dissolved  when  boiled  with  water.  (Maschke). 
Air-dried  starch,  heated  for  half  an  hour  to  210^  —  214°  in  a  sealed 
tube,  yields  the  same  soluble  starch  and  dextrin;  starch,  dried  at 
150°,  gives  scarcely  any  thing  but  dextrin  under  these  circumstances. 
(Maschke.) 

Wheat-starch  dried  at  100^  loses  in  six  hours,  at  150°--176^  2;3 
p.  cent,  of  its  weight,  and  becomes  pale  yellow ;  arrow-root,  treated  in 
the  same  way,  becomes  darker  yellow,  and  loses  1'38  p.  cent.  (Prout.)— 
Starch,  heated  somewhat  above  100°,  acquires  a  reddish  colour,  smells 
hke  burnt  bread,  and  is  converted  into  Saussure's  amidine.  (Caventou.) 
If  it  is  heated  upon  hot  iron  plates  and  moistened  with  water,  each 
granule  is  seen  under  the  microscope  to  be  in  motion,  and  to  draw 
after  itself  a  projecting  streak  of  a  substance  soliible  in  water  (Raspail), 
which,  however,  consists  of  the  contents  of  the  granule  already  modified. 
(Poggendorff,  Pogg.  87,  116.) 

2.  Starch  gives,  by  di*y  distillation^  carbonic  acid,  carburetted  hydro- 
gen gas,  water,  acetic  acid,  and  empyreuraatic  oil,  and  leaves  a  porous 
cinder. 

8.  In  the  open  fire^  it  becomes  soft,  swells  up,  evolves  choking 
vapours,  and  at  last  burns  with  a  bright  flame. 

4.  It  is  oxidized  slowly  by  oxygen^  more  quickly  by  ozonized  air^ 
yielding  but  little  carbonic  acid.  The  decomposition  cdso  takes  place  in 
the  absence  of  fight,  even  below  0°,  also  by  the  action  of  atmospheric 
air.     (KsLrBtGn,JBerL  Akad.  Ber.  1860,  38;  abstr.  J,pr.  Chem.  79,  226.) 

—  Starch  remains  unchanged  in  ozone  (Gorup-Besanez,  Ann.  Pharm,  110, 
103 ;  J^'Pr-  Chem.  77,  407) ;  but  acquires  a  smell  of  apples,   (Schonbein.) 

—  By  distillation  with  peroxide  of  manganese,  sulphuric  add,  and  water^ 
it  yields  carbonic  acid,  aqueous  formic  acid  (Wohler,  C.  G.  Gmelin),  and 

furfurol.      (Comp.  vil.  273  andz.  370.) 

6.  Starch  is  converted  by  heating  with  watery  first  of  all  into  paste 
(see  eombinatiota),  the  granules  swelHng  up,  and  this  by  longer  heating 
in  the  water-bath  is  transformed  into  soluble  starch  and  a  small  quan- 
tity of  dextrin  (Maschke),  completely  into  dextrin  at  ISO'^^Mitscherlich, 
Pogg.  55,  221),  at  160®  (Jacquelain),  in  general  by  long  boiling  (Payen), 
and  at  last  into  sugar.  (Jacquelain.)  —  Sta-rch  remains  unaltered  for 
four  months  in  water  free  from  air  and  protected  from  the  air  at  16% 
but  makes  the  water  acid,  and  acquires  a  peculiar  smell  if  air  has 
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access  to  it  (Guerin-Varry) ;  in  contact  with  water  at  45''for  two  days, 
it  evolves  carbonic  and  acetic  acids  (Edwards  &  Colin) ;  pure  starch 
evolves  nothing,  commercial  starch  only  carbonic  acid.  (Guerin-Varry.) 
—  According  to  Caventou,  stfurch  is  partially  converted  into  soluble 
amidin  by  boiling  water,  or  by  water  at  60° —  70%  and  is  transformed 
by  contmued  boiling  into  starch-gum. 

According  to  Guerin-Varry,  when  it  is  boiled  from  a  quarter  of  an 
hour  to  an  hour  with  100  —  200  parts  of  water,  amidme  tegummtaire 
remains  behind,  while  amidme  solnhle  and  amidme  are  dissolved,  the  first 
of  which  remains  as  a  residue  insoluble  in  cold  water  when  the  solution 
is  evaporated.  For  the  rest,  amidme,  which  is  easily  and  completely 
soluble  in  cold  water,  producing  a  slimy  liquid,  resembles  starch,  and 
has,  according  to  Biot,  a  stronger  dextro-rotatory  power  than  cane- 
sugar.  The  amidin^  soluble^  which  remains  dissolved  through  the 
agency  of  the  amidim,  possesses,  after  it  has  been  separated  again,  all 
the  properties  of  amidme  Ugumentaire ;  both  resemble  cellulose  in  pro- 
perties and  composition,  but  are  not  identical  with  it.     (Gudrin-Varry.) 

According  to  Payen,  when  powdered  starch  is  boiled  with  water, 
one  part  of  its  constituents  is  disaggregated  and  made  more  soluble 
than  another ;  the  less  coherent  parts  dissolve  first,  then  the  more 
solid ;  when  the  maximum  of  solubility  is  reached,  the  formation  of 
dextrin  sets  in.    (Payen.^ 

The  starch  of  the  Trehala  remains  unaltered  by  half  an  hour's 
boiling  with  water ;  after  not  less  than  two  and  a-half  hours'  boiling  it 
is  converted  into  an  irregularly  formed  mass.  (Guibourt,  Compt,  rend. 
46,  1213.) 

A  solution  of  starch  in  500  parts  water,  prepared  by  boiling  for  36 
hours,  remains  unaltered  on  standing.  ( Jacquelain.)  If  it  be  boiled  for 
one  hour  with  80  parts  water,  the  neutral  solution  obtained  yields  a 
deposit  on  standing  in  the  air,  becomes  again  turbid  after  5  days,  milky 
after  7  days ;  divided  envelopes  (of  the  starch-granules)  may  be  seen 
in  it  after  14  days ;  after  8  months  it  becomes  sour,  smells  like  decay- 
ing cheese,  and  leaves  on  evaporation  a  residue  soluble  in  water. 
(Guerin-Varry.)  If  starch  is  boiled  with  water  for  four  days  and  the 
filtrate  evaporated,  soluble  bitter  gum  remains  behind,  (Vogel,  Ann. 
Ckim.  82.)  —  Starch  heated  to  140"^  with  -^^  its  weight  of  water,  be- 
comes a)loured  and  soluble  in  water  (Jacquelain) ;  heated  for  half  an 
hour  to  140®  with  7  parts  water,  it  forms  a  mucilaginous  solution. 
(Payen,  Comp.  also  Jacquelain,  Ann.  Chim.  Phys.  73,  167.) 

"When  it  is  heated  with  water  in  a  Papin's  digester  to  nearly  200°, 
the  solution  contains  only  a  little  grape-sugar,  but  much  brown  bitter- 
sweet saccharic  aoid.    (Gmelin.) 

6.  Starch  distilled  with  sulphur  gives  off  hydrosulphuric  acid  and 
combustible  gases,  and  a  metacetone-like  liquid,  but  no  definite  sul- 
phur-compound distils  over.  (Hlasiwetz,  Wien.  Akad.  Ber.  5,  184.) 
Monosulphide  of  potassium  and  sulphide  of  calcium  act  in  the  same  way, 
(Hlasiwetz.) 

7.  Chlorine  gas^  either  dry  or  moist,  does  not  act  on  starch  either  at 
the  ordinary  temperature  or  at  100° ;  when  it  is  exposed  under  wat^r  to 
the  action  of  chlorine  for  8  hours,  only  ^  is  decomposed  with  evolution 
of  carbonic  acid.    (Liebig,  Pogg.  15,  670.)    Gum  behaves  in  the  same 

way.      (Liebig.)  —  Starch  deliquesces,  by  absorbing  chlorine  ga?,  to  a  brown  sub- 

Q   2 
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stance  containing  hydrocliloric  acid,  and  erolve?  carbonic  acid.  (Bouillon-Lagrange  & 
Vogcl.)  —By  distillation  with  hydrochloric  acid  and  peroxide  of  manganese 
it  yields  chloral  (ix.  202)  also  carbonic  and  formic  acids,  in  quan- 
tities depending  on  the  proportions  of  the  materials,  together  with 
pentachlorinated  propionic  aldehyde  (ix.  400),  yellow  oil  and  resinous 
matter.  (Stadeler,  Ann.  J^harm,  61,  101 ;  Handw.  d.  Chem.  SuppL 
1858,  796.)  Starch  is  but  slowly  decomposed  hy  ht/pochlorites.  (Liebig.) 
Yields  f  ormiate  of  lime  when  heated  with  1  part  chloride  of  •lime  and 
3  parts  water ;  but  is  entirely  decomposed  into  carbonic  acid  and  water 
if  the  chloride  of  lime  does  not  contain  any  hydrate  of  lime.  (Bastick, 
N.  J.  Pharm.  14. 20)  Woody-fibre  behaves  in  the  same  way.    (Bastick.) 

.  8.  In  the  action  of  nitric  add  upon  starch,  we  have  to  distinguish 
between  three  different  processes :  a.  Formation  of  Xylotdin;  —  b.  For- 
mation of  Soluble  Starch  and  Dextrin  ;  —  c.  Foi'mation  of  Oxalic  Acid, 

a.  Cold  concentrated  nitric  acid  (sp.  gr.  1*52)  dissolves  starch  with- 
out evolution  of  gas ;  water  added  to  the  solution  precipitates  xyloidin 
as  a  white  powder.  (Braconnot,  Pelouze.)  If  water  is  added  imme- 
diately, nothing  remains  dissolved ;  but  if  the  solution  is  allowed  to 
stand,  it  gives  with  water  less  and  less  xyloidin,  and  at  last  none, 
while  a  substance  resembling  saccharic  acid  remains  in  solution.  (Pe- 
louze, Compt.  rend.  7,  713.) 

h.  If  starch  is  mixed  with  its  own  weight  of  concentrated  nitric 
acid  and  twice  its  weight  of  ordinary  nitric  acid  (N0*,4H0)  and  allowed 
to  stand  for  24  or  30  hours  at  the  mean  temperature,  or  if  it  is  mixed 
with  enough  common  nitric  acid  to  form  a  thick  mud,  and  heated  in  the 
water-bath  until  red  fumes  are  evolved,  disorganised,  insoluble  starch  is 
at  first  produced,  then  starch  soluble  in  hot  water,  and  lastly  starch 
soluble  in  cold  water.  (B^champ.)  —  Starch  that  has  been  moistened 
with  y'o  p.  c.  nitric  acid  and  water,  and  then  allowed  to  dry  spon- 
taneously, yields  dextrin  when  heated.  (Payen.)  A  mixture  of  starch 
with  2  p.  c.  nitric  acid  and  4  p.  c.  water,  dried  at  first  in  the  air,  after- 
wards in  a  water-bath,  gives  with  5  parts  of  warm  water  a  solution 
which  soUdifies  to  a  jelly  like  lichenin  on  cooling,  and  yields  sugar  when 
boiled  with  acid.    (Mitscherlich,  Pogg.  55,  121.) 

c.  Hot  nitric  add,  either  concentrated  or  dilute,  employed  in  excess 
evolves  nitrous  gas  and  forms  oxalic  acid.  (Scheele,  Vauquelin) ;  to- 
gether with  malic  and  acetic  acids.  (Scheele.)  8  parts  of  nitric  acid  of 
sp.  gr.  1*34  produce  36*81  p.  c.  of  crystallised  oxalic  acid.  (Gu<^rin- 
varry.) — Hyponitric  acid  acting  on  starch  neither  evolves  gas  nor  *pro- 
duces  oxalic  acid.    (Bouijs-BaUot,  J,pr.  Chem,  31,  211). 

9.  Oil  of  vitriol  or  dilute  sulphuric  acid  converts  starch  into  soluble 
starch,  sulphamidonic  acid,  dextrin,  and  sugar.  Heated  oil  of  vitriol 
chars  and  destroys  it,  evolving  sulphurous  add. 

a.  If  starch  is  mixed  with  oil  of  vitriol  so  as  to  avoid  heating, 
iodine  no  longer  indicates  its  presence  in  the  mixture  (which  is  at  first 
yellow,  then  reddish-yellow)  when  it  has  stood  for  half  an  hour  or  two 
nours.  Sulphamidonic  acid  is  produced,  of  varying  composition  ac- 
cording to  the  quantity  of  oil  of  vitriol  and  the  duration  of  the  action. 
(Pehlmg.)  Soluble  starch  is  formed  by  half  an  hour's  action  of  oil  of 
vitriol  on  starch.     (Bechamp.) 

Concerning  aolphamidonic  acid,  see  below.  Saussure,  by  warming  1  part 
of  starch  with  3  parts  oil  of  vitriol  previously  diluted  with  36  parts 
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water,  and  precipitating  the  solution  with  alcohol,  obtained  crystals 
mixed  with  starch,  which,  after  washing  with  spirit,  were  dissolved  in 
a  small  quantity  of  water,  reproduced  by  spontaneous  evaporation,  and 
freed  ^from  adhering  sulphunc  acid  by  means  of  alcohol.  These  cry- 
stals, Saussure's  sulphate  of  starch,  dissolve  in  water  with  separation 
of  a  little  starch,  which  is  coloured  red  by  iodine.  Fritzsche  did  not 
succeed  ui  obtaining  them. 

5.  Starch  warmed  with  dilute  sulphuric  acid,  loses  its  organized 
structure  without  dissolving ;  it  is  next  gradually  changed  into  soluble 
starch,  and  then  still  further  into  dextri;}.  This  last  is  finally  partly 
converted  into  sugar.  (Bechamp.)  The  unfermentable  substance 
itself  seems  to  be  composed  of  two  bodies  having  a  slight  rotatory 
power.    (Bechamp.) 

The  formation  of  sugar  in  this  way  was  discovered  by  KirchhofF. 
Sugar  and  dextrin  are  direct  products  of  the  metamorphosis  of  starch, 
and  are  simultaneously  formed ;  for  the  formation  of  sugar  proceeds 
quickly,  as  long  as  unaltered  starch  is  present ;  slowly,  when  the  acid 
solution  is  no  longer  coloured  blue  by  iodine.  1  At.  sugar  is  produced 
for  every  2  At.  dextrin.  (Musculus,  N.  J,  Pharm,  37,  419  ;  Chem. 
Centr.  18(50,  G02.—C(mpt.  rend.  54,  194;  Zeitschr.  Ch,  Pharm.  5,  169.) 

The  formation  of  sugar  takes  place  without  alteration  in  the  form 
of  the  starch-granules,  of  which  only  the  actual  starchy  matter  is 
decomposed.  (Melsens,  Inst.  1857,  1861.)  It  takes  place  also  when 
the  air  is  excluded  and  without  evolution  of  gas  (Vogel) ;  when  air 
is  excluded,  but  with  the  evolution  of  a  small  quantity  of  carbonic 
acid  (Dobereiner,  Schw.  5,  281).  The  quantity  of  sulphuric  acid 
remains  unaltered  by  it,  but  the  starch  takes  up  water.    (Saussure.) 

The  formation  of  su^ar  is  complete  if  100  pts.  starch  are  boiled : 
(1)  for  some  days  with  ^  pt.  oil  of  vitriol,  and  300  pts.  water ;  (2)  for 
36-40  hours  with  1  pt.  oil  of  vitriol  and  400  pts.  water ;  (3)  for  20 
hours  with  2^  pts.  oil  of  vitriol  and  400  pts.  water ;  (4^)  for  7-8  hours 
with  10  pts.  oil  of  vitriol  and  600  pts.  water.  (KirchnofF.) — Water 
containing  ^  p.  c.  oil  of  vitriol  does  not  produce  any  sugar  from  starch 
at  a  temperature  of  from  38°  to  50°  even  after  three  weeks.  (Daniell 
Ann.  Chim.  Phys.  10,  219.)  100  pts.  starch  afford  120  pts.  syrup 
or  90  pts.  sugar  (Kirchhoff);  110*14  pts.  sugar  dried  at  100°  (Saussure); 
91*52  to  115*7  pts.  sugar  (Guerin-Varry) ;  104*01  pts.  (Brunner, 
Pogg.  34,  319.) 

Starch  granules  treated  with  cold  dilute  sulphuric  add  show  no 
alteration  under  the  microscope ;  with  stronger  acid,  they  swell  up ; 
still  stronger  acid  causes  a  jelly  to  separate,  at  first  at  only  one  point, 
but  afterwards  the  whole  changes  to  a  jelly  in  which  the  envelopes 
can  no  longer  be  seen;  still  stronger  acid  forms  a  clear  solution. 
(Guibourt.) 

The  action  of  i  pt.  oil  of  vitriol  and  2*8  pts.  water  upon  starch  at 
60°  causes  only  a  few  of  the  granules  to  break  up ;  at  75  they  are  for 
the  most  part  converted  into  a  jelly  which  solidifies  on  cooung,  and 
contains  envelopes,  some  of  which  are  partly,  others  entirely,  opened, — 
also  entire  granules  diffused  through  a  white,  powdery  mass.  At  90° 
the  jelly  no  longer  solidifies  on  cooling ;  almost  all  the  granules  are 
burst ;  and  the  Squid  filtered  at  92°  or  100°  leaves  the  torn  envelopes 
on  the  filter,  cemented  together  by  dextrin  :  cold  water  extracts 
nothing  from  them  ;  hot  water  gradually  dissolves  out  the  dextrin. 
(Biot  &  Persoz.)    To  make  all  the  granules  burst,  water  containing 
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30  p.  c.  sulphuric  add  must  be  used.  (Payen.)  —  Starch  warmed  with 
•^  pt.  oil  of  vitriol  and  10  pts.  water  forms  a  paste  at  70** ;  becomes 
quite  fluid  again  at  90**,  but,  if  quickly  cooled,  solidifies  to  a  jelly,  which, 
after  washing  with  alcohol  and  drying,  is  insoluble  in  water  and  does 
not  form  paste,  but  by  continued  heating  finally  becomes  quite  fluid, 
with  the  exception  of  -^^  and  forms- a  horny  mass  when  dry. 

When  starch  is  heated  to  100°  with  dilute  sulphuric  acid,  the  liauid 
still  gives  at  first  a  blue  colour  with  iodine :  after  half  an  hour  iodine 
colours  it  violet ;  after  45  minutes,  violet  red  ;  after  75  minutes,  dark 
red ;  after  105  minutes,  reddish  brown ;  after  135 — 435  minutes  pale 
yellowish  brown.  With  alcohol,  it  gives  at  first  a  large  precipitate,  and, 
as  the  heating  is  continued,  a  smaller  and  smaller  one,  so  that  after '75 
minutes,  only  a  turbidity  is  produced,  and  after  135  minutes,  no  visible 
precipitate.  The  first  precipitate  is  quite  insoluble  in  water ;  those 
produced  afterwards  are  more  and  more  soluble  (soluble  starch)  in 
proportion  to  the  length  of  time  the  liquid  has  been  heated.  The 
rotatory  power  of  the  liquid  also  diminishes  as  the  heat  is  continued : 
after  10  minutes  [a]  =  216°  to  the  right ;  after  15  minutes,  210*8° ; 
after  20  minutes,  204*3°  ;  after  30  minutes,  196*9°  ;  after  45  minutes, 
179-8°  5  after  75  mmutes,  167*6° ;  after  105  minutes,  143*6° ;  after 
135  minutes,  131*8°;  after  165  minutes,  96*3°  ;  after  195  minutes, 
96*1°;  after  255  minutes,  76*5°;  after  315  minutes,  73*7°;  after  435 
minutes,  73*7°  to  the  right,  and  remains  constant  if  heated  for  a  longer 
time;  it  is  thus  greater  than  the  rotatory  power  of  grape-sugar 
( [a]  =  66*3°  to  the  right)  since  the  solution  contains,  besides  the  latter 
Bubstance,  a  second  optically  active  body,  not  further  decomposible  by 
acid.     (Bechamp.) 

If  1  part  of  potato-starch  is  heated  for  an  hour  in  a  water-bath 
with  2 pts.  alcohol  of  sp.  gi*.  0833  and  a  little  oil  of  vitriol,  the  spirit 
then  poured  off,  and  the  starch  which  lies  at  the  bottom  thoroughly 
washed  out  with  water,  it  does  not  outwardly  appear  to  have  under- 
gone much  alteration,  but  when  triturated  with  cold  water,  it  imparts 
to  the  latter  an  organic  acid,  and  gives  a  perfectly  clear  solution  when 
boiled  with  water.  The  solution  prepared  with  from  4  to  6  parts  of 
water,  solidifies  to  a  jelly  on  cooling.  Starch  treated  as  above  consti- 
tutes Maschke's  artificial  lichenin,  or  modified  starch,  which  is 
insoluble  in  cold,  but  soluble  in  hot  water,  and  is  coloured  blue  by 
iodine.  —  The  distillate  obtained  by  boiling  potato-starch  with  dilute 
sulphuric  acid  contains  fat.  (Comp.  Payen,  CompL  rend.  23,  337 ; — 
Rousseau,  Pogg.  32,  201.) 

By  distilling  starch  (also  gum  or  woody  fibre)  with  oil  of 
vitriol  (phosphoric  acid  or  chloride  of  tin),  a  volatile  oil  is  obtained, 
and  then  formic  acid  (sulphurous  acid?  Gm.),  the  mass  becoming 
carbonised.     (Emmet,  Sill,  Ann.  J.  32,  140;    J.  pr.  Chem.  12,  120.) 

a.  Nitrodulpkuric  acid  converts  starch  into  an  explosive  compound 
corresponding  to,  or  identical  with,  gun-cotton.  (De  Vrij,  Compt.  rend. 
24,  19 ;  oomp.  also  Payen,  Compt.  rmd.  24,  87.) 

10.  Phosphoric  acid  does  not  change  starch  into  sugar. 
(Kirchhoff.) 

11.  Dilute  aqueous  hydf^ochloric  acid  converts  starch  into  sugar. 
(Kirchhoff.)— Potato-starch, — and  also  rice-starch  (Scharling) — ^wnen 
boiled  with  water  containing  hydrochloric  acid,  evolves,  even  after 
several  days,  when  again  heated,  a  smell  of  formic  add.    Arrow-root 
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does  not  emit  this  odour  under  the  same  circmnstanoes  (Schmidt,  N,  Br, 
Arch.  19,  195),  fio  that  an  admixture  of  15  p.  c.  potato-starch  in  arrow- 
root-starch may  be  thus  detected.  (Oswald,  N,  Br.  Arch.  4(V  166.)  — 
Potato-starch  gives  with  1'5  or2pts.  concentrated  hydrochloric  acid,  a 
tough,  almost  transparent  mucilage^  which  smells  of  formic  acid; 
rice-starch  gives  a  similar  product,  but  tui'bid ;  with  dilute  hydrochloric 
acid,  potato-starch  gives  in  2  or  3  minutes, — rice-starch  in  25  or  30 
minutes, — and  rice  starch  containing  25  to  80  p.  c.  potato-starch,  with 
hydrochloric  acid  of  IS'S''  B.,  in  40  or  50  seconds — a  tough  mucilage. 
(Scharling,  Ann.  Pharm.  42,  272.) 

12.  OxaUc  add  converts  starch  into  sugar.  (Ejrchhoff,  Converchel.) 
—  The  conversion  of  1  pt.  starch  into  sugar  requires  0*005  pts.  oxalic 
acid,  1  to  12  pts.  water,  and  that  the  mixture  be  heated  to  130°  for 
2  hours.  Starch  heated  to  130°  with  0*005  pt.  oxalic  acid  and  5  pts. 
water  is  converted  in  20  minutes  into  granules  defecuk;  after  an  hour 
it  is  changed  into  dextrin,  with  which  iodine  gives  a  purple-red  colour, 
and  after  two  hours  into  dextrin  which  is  no  longer  coloured  by 
iodine.  (Jacquelain.) — 13.  Starch  heated  for  an  hour  to  125°  with 
■J-  pt.  tartaric  acid  (or  malic  acid)  and  5  pts.  water  is  changed  into  gum 
(dextrin!).    (Couvorchel,  J.  Fharm.  7,  267.), 

14.  Glacial  acetic  acid  leaves  starch  unaltered  (Pritzche,  Payeny 
N.  Ann.  Sc.  not.  Bot.  10,  161\  even  on  boiling  (Persoz,  Compt.  rend. 
17,  1067);  by  several  hours  neatingto  100°,  the  same  acid  renders  it 
partially  soluble  in  cold,  and  partially  soluble  in  hot,  water  (B^champ) ; 
in  50  or  60  hours  at  180°,  it  forms,  with  elimination  of  water,  a 
small  quantity  of  a  compound  similar  to,  or  identical  with,  aceto- 
glucose.  (Berthelot,  .Z\r.  Ann.  Chim,  Phys.  60,  100.)  —  The  solution 
obtained  by  heating  starch  with  moderately  concentrated  acetic  acid 
to  100°  for  3  hours,  contains,  even  after  being  heated  for  28  hours, 
jiothing  but  soluble  starch,  and  has  lost  but  Httle  of  its  rotatory 
power.  A  solution  in  acetic  acid  containing  4  at.  water  loses,  by 
being  heated  to  130°  for  12  to  28  hours,  52°  [a]  of  its  rotatory  power 
— also  the  property  of  giving  a  blue  colour  with  iodine,  and  a  precipi- 
tate with  alcohol;  it  also  leaves  on  evaporation  an  unfermentable 
residue.  (B^champ.) — Aqueous  acetic  acid  produces  with  starch, 
first  dextrin,  afterwards  sugar  (Persoz),  no  sugar  (Ejrchhoff ;  Biot, 
Compt.  rend.  17, 1067),  and,  after  boiling,  the  starch-granules  appear 
under  the  microscope  to  be  covered  with  smooth  needles  (loosened 
and  separated  layers  of  the  granule).  (Fritzsche.)  —  In  general,  warm 
dilute  mineral  acids  and  organic  adds  remove  from  the  starch-granules 
their  starch  properly  so  called,  which  turns  blue  with  iodine,  without 
however  altering  their  form  or  structure.  Granules  which  have  been 
thus  treated  are  merely  coloured  yellowish  or  reddish  by  iodine- 
water  ;  but  if  moistened  with  iodine-water,  and  afterwards  carefully 
with  oil  of  vitriol,  they  are  coloured  blue,  and  in  the  latter  case  retain 
their  form.    (Melsens,  Inst.  1857,  160.) 

15.  Starch  slowly  absorbs  gaseous  fluoride  of  boron  at  the  ordinary 
temperatmre,  and  liquifies  without  becoming  coloured. 

16.  Starch  heated  in  a  sealed  tube  with  strong  aqueous  ammonia 
to  150°  for  several  days,  yields  a  solid,  brown,*  gummy,  deliquescent 
mass,  having  a  bitter  taste,  easily  decolorised  by  animeJ  charcoal,  and 
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prccipitable  from  its  solutions  by  tannin.  It  smcUs  like  roast  meat, 
does  not  evolve  ammonia  by  contact  with  solution  of  potash  or 
hydrate  of  lime,  but  when  fused  with  solid  potash,  yields  as  much  as 
corre^>onds  to  2^  to  3  p.  c.  nitrogen.  (Schiitzenberger,  Zeitschr.  Ch, 
Pharm,  4,  65  ;  comp.  also  P.  Thenard,  CompU  rend.  52,  444 ;  Rep.  Chim* 
pure^  3,  207.) 

17.  Starch  heated  to  a  temperature  much  below  redness  with  4  or 
5  times  its  weight  oi  potash-hydrate  and  a  little  water  swells  up,  and 
forms  oxalate  of  potash,  with  evolution  of  hydrogen  (Gay-Lussac; 
comp.  ix.  112),  at  the  same  time  yielding  carbonate,  formiate,  acetate,  and 
propionate  of  potash,  and  in  general  the  same  products  as  cane-sugar 
yields  under  similar  curcumstances.  (Gottlieb,  Ann,  Pharm,  52,  121.)* 
—  When  starch  is  boiled  for  several  hours  with  strong  potash-ley,  it 
gives  at  first  a  thick  and  afterwards  a  fluid  paste,  from  which  alcoho^ 
precipitates  disorganised  starch.  This  cannot  be  freed  from  alkali  by 
wasMng  with  spirit,  but  may  be  obtained  free  from  alkali  by  neutral- 
ising the  alkaline  solution  with  acetic  acid  before  precipitating  with 
alcohol.  It  is  but  slightly  or  not  at  all  soluble  in  boiling  water, 
becomes  therewith  translucent  without  forming  a  paste,  and  tm*ns 
blue  with  tinctiu'e  of  iodine.  Rotatory  power  [a]  =  211°  to  the  right. 
(Bechamp.)  —  Starch  digested  for  12  hours  at  50°  or  60°  with  5  p.  c. 
^tash-ley  yields  dextrin.     TPayen.) 

Starch  gives  with  potash-ley  an  opalescent  solution,  which  does 
not  gelatiuise  (Schmidt,  Ann.  Pharm.  51,  81),  and  has  no  rotatory 
power  (Ventzke,  J.  pr.  Chem.  25,  65).  Potato-starch  gives  in  -^  a 
minute  with  J  pt!  potash-hydrate  and  12*75  pts.  water,  a  veiy  thick 
turbidly  translucent, — wheat-starch,  in  half  an  hour,  a  milky, — 
opaque  jelly ; — arrow-root,  a  permanently  fluid  mixture ; — ^the  stardi  of 
the  bryonia,  immediately,  a  very  thin,  pale  yellow,  clear  jelly ; — kidney- 
bean-meal,  a  greenish  yellow,  opaque,  thin, — manjok-meal,  a  thick, 
slightly  translucent,  mucilage,  with  which  are  mingled  swollen-ui) 
granules.  (Mayet,  N.  J.  Phaim.  11,  81 ;  J.  pr.  Chem.  40,  435.)  In 
contact  with  a  solution  of  0*018  to  0*020  pt.  potash-hydrate  in  10  to 
15  pts.  water,  wheat-starch  remains  unaltered;  arrow-root  forms  a  very 
turbid,  and  bean-starch  a  translucent,  solid  jelly.  (Payen,  Compt.  rend, 
48,  775.) — Starch-granules,  which  are  insoluble  in  very  dilute 
potash-ley,  swell  up  in  somewhat  stronger  ley  (2  p.  c,  Bechamp),  and 
at  last  dissolve  without  previously  bursting.  (Guibourt.)  When 
alcoholic  potash  at  100°  is  poured  over  them,  an  air-bubble  becomes 
apparent  inside  them,  and  does  not  disappear  if  the  granules  lie  in  the 
liquid  for  weeks ;  but  when  water  is  added,  they  absorb  it  and  swell 
up  greatly,  so  that,  without  the  bubble  of  air  having  escaped,  the 
space  it  occupied  becomes  invisible.  (Fritzsche.)  —  Since  the  envelopes 
contain  nitrogen,  starch-granules  evolve  ammonia  when  fused  with 
potash-hydrate.     (Jacquelain.) 

18.  Starch  deflagrates  when  fused  with  saltpetre  and  potash'hydraie^ 
forming  a  small  quantity  of  alkaline  cyanide.  (Roussin,  Compt.  rend. 
47,  875.)  —  It  is  not  altered  by  peimianganate  of  potash.  (E.  Monier, 
Compt.  rend.  46,  425 ;  J.  pr.  Chem.  73,  479.) 

19.  Soda-hydrate  decomposes  starch  in  the  same  way  as  potash- 
hydrate.  (Bechamp.)  Starch-granules  sweD  up  in  dilute  soda-solution 
(containing  2  p.  c.  of  soda-ley  of  35°  B)  to  100  times  their  original  bulk 
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without  bursting ;  less  concentrated  soda-solution,  than  is  required  for 
old  starch,  suffices  to  make  fresh  starch  granules,  or  such  as  havo 
been  dried  over  sulphuric  acid  in  vacuo,  at  120°,  swell  up.  The 
presence  of  ammonia-salts  prevents  the  swelling  up.  (Payen.) 

Starch  yields  less  oxalic  add  when  heated  with  soda-hydrate,  than 
it  does  with  potash-hydrate.  (Possoz.)  In  like  manner,  a  mixture  of 
1  pt.  soda  with  ^,  \,  or  a  smaller  quantity  of  potash,  produ(5es  less 
oxalic  acid  than  potash  alone  ;  but  1  pt.  soda  mixed  with  2  or  3  pts. 
potash,  produces  more  than  is  produced  by  potash  alone.  (Possoz.) 

20.  When  an  intimate  mixture  of  ^arch  with  8  pts.  quickUme  is 
cautiously  distilled,  it  froths  up  'greatly,  and  yields  an  oily  distillate 
containing  metacetone,  and  in  smaller  quantity,  acetone  (Fremy,  Ann. 
Chim.  Phys.  59,  6 ;  Ann.  Pharm.  15,  278). 

21.  Chloride  of  zinc  converts  starch  into  disorganised  starch;  by 
ebullition,  into  soluble  starch,  not  into  dextrin.  (Bechamp.) — With 
10  pts.  of  an  aqueous  solution  containing  25  p.  c.  of  fused  chloride  of 
zinc,  starch  gives  immediately  a  thick  paste,  which  does  not  liquefy  on 
heating,  but  becomes  fluid  if  heated  for  12  or  18  hours  in  a  water- 
bath,  and  from  which  alcohol  precipitates  disorganised  starch;  if, 
however,  it  has  been  boiled  over  the  naked  flame  for  2  or  3  hours, 
alcohol  precipitates  dextiin  from  it.  (Bechamp.^ 

22.  When  triturated  in  the  cold,  or  when  heated  with  aqueous 
bichloride  of  tin,  it  forms  a  compound  intermediate  between  sugar  and 
dextrin,  or  between  giun  and  sugar,  the  composition  of  which  is 
represented  by  the  formula  C**H"Q'^  (v.  Payr,  Wien.  Akad.  Ber,  21, 
269  ;  J.  pr.  Chem.  69,  425.) 

Starch  triturated  with  aqueous  bichloride  of  tin,  and  filtered  from 
the  slight  residue  which  remains,  gives,  on  addition  of  absolute  alcohol, 
a  white  precipitate,  which,  after  being  washed  with  absolute  alcohol  and 
dried  over  oil  of  vitriol,  contains,  according  to  v.  Payr,  C*^H*K)**,  8SnO'. 
— If  the  mixture  is  heated  to  100°,  alcohol  causes  a  precipitate  whose 
composition,  when  dried  at  100°,  is  represented  by  C'H'H)",  7SnO*. — 
The  first  precipitate,  suspended  in  water  and  decomposed  by  hydrosul- 
phuric  acid,  yields  bisulphide  of  tin,  and  a  transparent,  colourless  liquid, 
which  leaves,  when  evaporated  in  vacuo,  a  white  pulverisable  mass. 
This  product  is  easily  soluble  in  water,  is  not  altered  by  iodine,  and  is 
changed  into  sugar  when  boiled  with  dilute  mineral  adds.  (v.  Payr.J 

White  sub$ittnce, 

V.  Payr. 

24  C  „....     41-02     40-90 

23  H  6-55    6-67 

23  O  52-43     52-43 

C"H»0=»  10000    10000 


TiM'talt                                T.  Payr.             Tin'MlL  t.  Pftyr. 

24  C 15-64  ....     15-50 

28  H  ..^ 3-04  ....       3-18 

28  O 24-34  ....     24*24 

7SnO»   56-98  ....     57*08 


60  C  23-43  ....  23-30 

64  H  4-18  ....  4-14 

64  O  33-33  ....  33-98 

8SnO*    39*06  ....  3868 


C"HWO«,8SnO*  ....  10000     ....  10000     C«H»0«,7SnO»  ....  10000    ....  10000 
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23.  Starch  heated  for  a  long  time  with  aqueous  osmtc  aeid^  yields 
carbonic  acid,  oxalic  acid,  and  a  peculiar  acid  whose  ammonia-salt  is 
soluble  in  alcohol.    (Buttlerow,  /.  pr.  Chem.  56,  271.) 

2-4.  Aqueous  soluble  Prussian  blue  is  decolorised  by  starch  (Vin- 
cent); by  potato-starch  only,  not  by  wheat-starch  (Wach,  Sckw. 
51,  444),  because  the  latter  contains  glutin.  (Bottgor,  J.pr.  Chem. 
10,  110). 

25.  Starch  heated  with  Cinchona'alkdloids  evolves  red  vapours,  which 
condense  to  a  red  liquid.  (Bs^a,  Chem.  Centr.  1859,  865.) 

26.  In  contact  with  diastase,  at  65°  — 80°,  starch  is  converted  into 
dextrin  and  grape-sugar,  starch-granule  envelopes  which  are  no  longer 
coloured  blue  by  iodine  remaining  behind.  (Payen  &  Perspz.)  Accord- 
ing to  Payen,  dextrin  is  formed  first,  and  is  subsequently  changed  into 
sugar;  according  to  Balling,  dextrin,  dextrin- gum,  and  dextrin-sugar 
are  formed  one  after  another  (Gdkrungs'chemie,  Prag,  1845.  2,  15.) 
Starch  splits  up,  according  to  Musculus  (N.  J.  Pharm.  37,  419  ;  Ckern^ 
Centr.  1860,  602,— Comp^  rend.  54,  194;  Zeitschr.  Ch.  Pharm.  5,  169) 
into  2  at.  dextrin  and  1  at.  sugar,  the  first  formation  of  the  latter  not 
being  due  to  further  alteration  of  the  dextrin.  • 

The  transformation  of  starch  into  dextrin  and  sugar  by  means  of 
diastase  takes  place  without  any  change  of  volume,  also  in  vacuo,  also 
at  the  common  temperature  ;  by  using  starch-paste  also  at  0°  (Guerin- 
Varry) ;  without  previous  formation  of  gimi  (Tronmier,  Ann.  Pharm., 
39,  360);  without  evolution  or  absorption  of  gas.  (Payen.)  It  is 
hastened  by  increasing  the  quantity  of  water  (Dubnmf  aut) ;  by  previous 
gelatinisation  of  the  starch  (Payen);  and  is  complete  in  3  hours  at  70°  — 
80°  with  1  pt.  starch,  10  pts.  water,  and  0*005  pt.  diastase.  (Payen.) 
It  is  arrested  by  heating  to  ebulUtion  (Payen) ;  not  interfered  with  by 
the  presence,  for  every  100  pts.  starch,  of  1  pt.  green  vitrei,  glacial 
acetic  acid,  formic  acid,  prussic  acid,  creosote,  ether,  sulphate  of  quinine, 
sulphate  of  morphine,  oil  of  turpentine,  of  lemons,  of  anise,  of  cloves, 
or  of  mustard  ;  it  is  slightly  hindered  by  bicarbonate  of  soda,  iodide  of 
potassium,  calomel,  cyanide  of  mercury,  sulphate  of  soda,  sulphate  of 
magnesia,  acetate  of  lead,  arsenious  acid,  arsenite  of  soda,  and  alum ;  it 
is  much  hindered  by  quickhme  and  magnesia;  it  is  entirely  prevented  by 
tannin  (Payen\  bromine,  soda,  sulphuric  acid,  nitric  acid,  hydrochloric 
acid,  oxaUc  acid,  phosphoric  acid,  nitrate  of  silver,  corrosive  sublimate, 
and  sulphate  of  copper.  (Bouchardat,  Compt.  rend.  20,  107 ;  abstr. 
N.  Ann.  Chim.  Phys.  14,  61);  it  is  not  interfered  with  by  small 
quantities  of  the  alkaline  carbonates,  of  acids,  or  of  vaiious  neutral  salts, 
^ayen  &  Persoz.)  —  Diastase  can  render  liquid  60 -times  more  starch 
than  can  oil  of  vitriol  (Payen  &  Persoz)  ;  it  can  render  liquid  2,000 
times  its  own  weight  of  starch,  and  in  2  hours  can  Hqueiy  starch- 

Easte  mixed  with  chloride  of  sodium,  even  at  —  5°  or  —  9°,  without 
owever  converting  it  into  sugar.  (Gu^rin-Varry.) 
The  transformation  of  starch  into  sugar  by  malt  (BarchhofT),  and 
also  during  the  germination  of  grain  (Saussure),  is  likewise  due  to 
diastase,  the  quantity  of  which  becomes  greater  and  greater  as  the 
germination  of  the  grain  proceeds,  whereas  dextrin  and  sugar  are 
consumed.    (Payen.)  —  The  formation  of  sugar  in  the  germination  of 
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wheat,  caused,  according  to  Saussure,  by  a  mudlaginous  Bubstance 
contained  in  it,  takes  place  more  slowly  when  air  is  excluded,  and  not 
at  all  in  vacuo,  in  which  case  acetic,  formic,  lactic  and  carbonic  acids  and 

alcohol  are  produced.  Concerning  the  action  of  diastase  upon  starch,  see  Trauhe 
{Poffff,  103,  331 ;  N.  Br.  Arch,  96,  55). 

Under  the  microscope,  it  can  be  seen  that  the  envelopes  of  the 
starch-granules  are  not  opened  by  the  action  of  aqueous  diastase  upon 
starch,  and  hence  that  diastase  acts  by  endosmose  and  causes  the  forma- 
tion of  sugar  in  the  interior  of  the  granules  even  at  common  tem- 
peratures ;  at  75°  the  envelopes  are  torn  open,  and  the  action  of  the 
diastase  is  more  Energetic.  (Dutroch'et,  Ann,  Sc.  Nat,  80,  354.)  No 
change  in  the  form  of  the  starch-granules  takes  place,  it  being  only 
the  starchy  matter  strictly  so-called  that  is  decomposed.  (Melsens, 
/n«<.  1857,161.) 

If  the  diastase-solution  is  heated  to  at  least  54°,  the  granules  burst 
without  tearing,  and  the  diastase  then  acts,  not  through  the  envelopes 
of  the  granules,  but  directly  upon  their  contents ;  it  can  produce  sugar 
only  from  starch-paste,  not  frotn  entire  starch-granules,  and  cannot, 
therefore,  cause  the  formation  of  sugar  from  starch  in  germination. 
(Guerin-Varry.) 

The  quantity  of  sugar  produced  from  starch  by  means  of  diastase 
depends  on  the  quantity  of  diastase,  the  duration  of  its  action,  the 
quantity  of  water,  and  the  temperature.  — 100  pts.  starch  boiled  to  a 
paste  with  1000  pts.  water,  and  warmed  to  70°  —  75°  for  fifteen  hours 
with  1*7  pt.  diastase,  gave  17'58  pts.  sugar;  100  pts.  starch,  heated 
for  an  hour  to  60°  —  65°,  with  3900  pts.  water  and  6*13  pts.  diastase 
in  40  pts.  water,  gave  86*91  pts.  sugar ;  10(X  pts.  starch  boiled  to 
a  paste  with  1393  pts.  water,  mixed  with  12*25  pts.  diastase  in  867 
pts.  water,  and  kept  at  20°  for  24  hours,  gave  77*64  pts.  sugar;  the 
same  mixture  in  1  nour  at  0°  yielded  11-82  pts.  sugar  (Gu^rin-Varry). 
100  pts.  starch  with  25  pts.  barley-malt'  and  4500  pts.  water,  yield 
90  pts.  sugar ;  the  use  of  more  malt  does  not  increase  the  quantity  of 
sugar.    (Dubrunfaut.^ 

The  examination  of  the  products  of  the  actioxi  of  diastase  upon 
starch  at  70°  —  75°,  as  soon  as  iodine  no  longer  indicates  the  presenqe 
of  starch,  or  when  the  diastase  has  acted  still  longer,  always  shows 
that  sugar  and  dextrin  are  present  in  the  proportion  of  1  at.  to  2  at. 
(Musculus.)  It  appears,  therefore,  that  the  transformation  of  starch 
by  diastase  does  not  consist  in  the  formation  first  of  an  isomeric  sub- 
stance, dextrin,  and  the  subsequent  conversion  of  this  substance  into 
glucose  by*assumption  of  water,  but  in  the  resolution  of  3  at.  starch 
=  3C»ff  «0^  with  assumption  of  2H0,  into  2  at.  dextrin  =  2C"H»°0" 
and  1  at.  glucose  C^ff  H)".  (Musculus,  Compt.  rend.  54,  194 ;  Zeitackr. 
Ch.  Fharm,  5,  170.)  Erlenmeyer  (loc.  cit.)  regards  this  transformation 
as,  perhaps,  showing  that  starch,  dextrin,  and  glucose  are  represented 
respectively  by  the  formulee  C'«H*>0»,  C«*H»0«>,  and  0»ff K)»  and 
consequently  that  starch  and  dextrin  are  not  metameric  but  polymeric 
with  each  other. 

27.  In  contact  with  glutin,  at  a  moderately  high  temperature,  starch 
is  converted  into  gum  (dextrin  ?)  and  sugar.  (Kirchhoff.)  •»—  Glutin 
renders  starch-paste  fluid,  and  causes  the  formation  of  sugar.  (Bou- 
chardat,  Compt.  rend.  20,  107 ;  N.  Ann.  Chm.  Phya.  14,  61.) 
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In  the  fermentation  which  takes  place  when  starch  is  left  in 

contact  with  glutin  under  water,  butyric  acid  (x.  76),  carbonic  acid, 

and  hydrogen  are  formed.      (Erdmann   &  Marchand,  J.  pr.  Chenu 

29,  466.) 

• 

28.  SaUva  transforms  starch  into  dextrin  and  sugar  (Handbuchj* 
viii.  19).  (Miahle,  Compt.  rend.  20,  1485;  22,  252.  —  Lassaigne, 
J.  Chm.mSd.  21,  305  &  359;  Campt.  rend.  20, 1347.)  — At  40° -50** 
scJiva  leaves  starch-granules  apparently  unaltered,  but  extracts  from 
them  the  true  stardiy  matter  (graniuose),  and  leaves  a  residue  of 
cellulose.  (Nageli.) — Pepsin  deprives  starch-granutes  of  the  substance 
which  turns  blue  with  iodine,  but  does  not  change  their  form  or 
structure;  the  granules  which  remain  are  coloured  by  iodine- water 
f  r6m  pale  yellow  to  red,  but  are  again  coloured  blue  wi&out  change  of 
form,  when  moistened  with  iodine-water  and  then  cautiously  with  sul- 
phuric acid.    (Melsens,  Inst.  1857,  161.) 

29.  Starch-paste  is  transformed  into  sugar  by  heer-yeast  (Bou- 
chardat);  hj  animal  gelatin  (Kirchhoff,  Matthieu  dc  Dombasle), — by 
fresh,  dry,  powdered,  or  decaying  gelatin  (Bouchardat) ;  —  by  the 
gastric  juice  when  it  contains  saliva,  not  when  pure  (Handbttch,  viii.  21), 
by  the  pancreatic  juice  {Handbuck,  viii.  82  &  99)  (Lassaigne,  Compt.  rend. 
20,  1350;  /.  Chim.  mid.  21,  309);  by  the  substance  of  the  kidneys 
(Mardiand,  N.  Br.  Arch.  52, 195  ;  Phami  Centr.  1847,  491);  hy  animal 
mucous  membrane  (Handbuck,  viii.  82),  urine,  bile,  semen,  serum  of 
blood,  and  animal  tissue ;  by  watery  infusions  prepared  at  40°,  from 
the  heart,  brain,  lungs,  liver,  kidneys,  spleen,  and  muscles,  (Magendie, 
Compt.  rend.  23,  189  5  abstr.  N.  J.  Pharm.  11,  40.  (Handbuch, 
viii.  21.) 

Combinations,  a.  With  Water. — Conmiercial  or  air-dried  starch 
retains  water  mechanically  adhering,  but  no  combined  water;  it 
retains  no  water  at  aU  when  dried  at  100°.  (Mulder.)  Starch  from 
cereals  contains  13*66  p.  c.  water,  and  potato-starch  16*41  p.  c.  at  22° 
and  88°  of  the  hair-hygrometer  (Saussure);  air-dried  wheat-starch 
contains  12*5  p.  c.  water  (Prout),  14*2  —  17*8  p.  c.  (Wolff,  J.  pr.  Chem. 
71,  86) ;  arrow-root  18*2  p.  c. ;  air-dried  starch  28  p.  c.  (Guerin-Varry), 
21*55  p.c.  (Mulder,  J:  jw.  Chem.  15,  300). 

Starch  does  not  dissolve  when  shaken  up  with  cold  water,  but 
partially  when  continuously  triturated  with  it.  In  hot  water  it  swells 
up  and  forms  paste.  —  The  formation  of  paste  with^ot  water 
depends  on  its  organised  structure,  but  its  insolubility  in  cold  water 
does  not.    (Bechamp.) 

Starch  absorbs  water  when  exposed  to  moist  air.  The  absorption 
of  water  occurs  in  sto'ichiometrical  proportions,  and  takes  place  very 
quickly  with  starch  that  has  been  previously  dried  at  150°,  so  that  the 
starch-granules  are  in  part  torn  open.    (Payen.) 

^  Quantities  of  water  absorbed,  according  to  Nossian  (J.  pr.  Chem. 
83,  41),  by  100  pts.  of  various  kinds  of  starch,  when  exposed  to  moist 
air,  after  previous  desiccation  at  100° : 


*  The  word  '<  Handbuch  "  refers  to  the  last  German  edition  of  tbii  work; 
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Variety  of  starch. 

In  air  containing 

73  p.c.  of  its  mazimnm 

of  moisture. 

In  air  saturated 
with  moisture. 

Wheat-starch         absorbs   .. 
Rye-starch                  „ 
Potato-starch              „ 
Maize-starch               „ 
Buckwheat-starch       „ 
Rice-starch                 „ 
Acorn-starch               „ 

6-94 
10-01 
•    10-33 
10-63 
10-85 
10-89 
11-96       . 

18-92 
19-36 
20-92 
19-55 
20-02 
19-84 
22-98 

The  above  quantities  of  water  correspond  approximately  with  the 
formula  C"H»0»  4H0  and  C«*H»0»,  8H0,  which  require  respec- 
tively 10-00  p.  c.  and  18*18  p.  c.  water. 

With  most  varieties  of  starch  the  absorption  of  moisture  is  com- 
plete in  5  days.    (Nossian.)    %. 

Starch  which  has  been  dried  at  100°  —  120°  becomes  warm  when 
moistened  with  cold  water.  —  When  potato-starch  is  evenly  mixed  up 
with  cold  water,  it  settles  down  to  the  bottom  more  quickly  than 
wheat-starch.  (Wolff,  J.pr.  Chem.. 71,  86.)  %.  Wheat-starch  stirred 
up  with  water,  and  then  allowed  to  subside,  settles  down  more  com- 
pact than  potato-starch,  and  is  more  difficult  to  mix  up  again.  (Pohl, 
J.  pr.  Chem,  83,  40.)  If.  —  Starch  treated  with  an  excess  of  water 
always  takes  up  the  same  measure  of  it,  insomuch  that  10  grm.-  dried 
starch  always  swell  up  to  14-867  cc.  when  covered  with  distilled  water, 
10  grm.  moist  starch  swell  up  to  a  smaller  bulk ;  upon  this  behaviour 
is  founded  the  method  of  testing  the  quantity  of  water  contained  in 
starch  by  means  of  the  Feculometer.  (Bloch,  Compt.  rend,  39,  969  > 
Pharm.  Cerir.  1855,  29.) 

Triturated  with  a  small  quantity  of  cold  water,  starch  forms  a 
stiff  mud,  which  hardens  on  drying ;  when  starch  is  rubbed  up  for  a 
long  time  with  a  larger  quantity  of  water,  or  when  powdered  starch  is 
thoroughly  washed,  it  dissolves,  all  except  the  envelopes  of  the 
granules.  (Guibourt ;  BerzeUus  Jahresber.  10,  201 ;  Guerin-Varry, 
Jacquelain,  Redwood,  Pharm.  J,  Trans,  4,  505  ;  abstr.  Eepert,  89,  84  ; 
Remsch,  N.  Jahrh.  Pharm.  3,  65 ;  Delffs,  Pogg.  109,  648 ;  N.  Jahrb. 
Phcam.  13,  145;  Jessen,  Pogg.  106,  497;  abstr.  Rep.  Chim.  pure^  1, 
432,  and  Pogg.  109,  361.)  —  Gu^rin-Varry  rubs  air-dried  starch  in  an 
agate  mortar  for  2  hours  with  8  pts.  water  at  0°,  then  adds  40  pts. 
water,  decants,  filters,  and  washes  the  residue  with  water  as  long  as 
the  filtrate  continues  to  turn  blue  with  iodine.  Jacquelain  triturates 
starch  for  some  hours  with  fine  sand,  adds  water  to  it,  mixes  up  the 
resulting  mucilage  with  a  large  quantity  of  cold  water,  and  filters 
through  a  threefold  filter ;  Delffs  triturates  it  continuously  with  quartz- 
sand  and  enough  water  to  make  an  easily  fiuid  mud,  and  filters  after 
leaving  it  to  subside  for  24  houi*s.— The  insoluble  envelopes  of  the 
starch-g^nules  are  thus  torn  (Guibourt,  Jessen),  and  the  contents  dis- 
solve in  water  without  alteration  (Guibourt  and  others),  aided,  accord- 
ing to  Enop  {Chem.  Centr.  1860,  367),  by  the  heat  resulting  from  the 
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friction..  According  to  Wicke  (Po^^.  108,859)  nothing  is  dissolved, 
and  the  filtrate  merely  holds  starch  in  suspension. 

Guibourt  calls  the  aqueous  starch  which  is  held  in  solution  fecuk 
soluble,  and  regards  it  as  the  constituent  of  the  inside  of  the  starch- 
granule,  and  as  identical  with  RaspaiPs  .^um,  Saussure's  amidin,  and 
Caventou's  amidon  modifie ;  according  to  Gu^rin-Varry,  it  is  amidine 
mixed  with  amidine  soluble,  which  it  causes  to  be  di^solved;  Payen 
names  it  amidon,  and  Delffs  amylogen. 

The  solution  is  clear  and  deposits  nothing ;  no  solid  particles  can 
be  detected  in  it  by  the  microscope ;  it  gives  a  precipitate  with  alcohol 
(Jessen),  and  turns  blue  with  iodine.  A  small  quantity  of  iodine 
causes  only  a  temporary  blue  coloration,  because  the  iodine  becomes 
hydriodic  acid  after  a  time  ;  more  iodine,  however,  colours  it  perma- 
nently blue.  (Jacquelain.)  The  solution  prepared  from  wheat-starch 
colours  tincture  of  iodine  pale  yellow  or  reddish  yellow,  that  prepared 
from  potato-starch  gives  a  dark  blue  colour  under  similar  conditions. 
(Redwood.)  The  solution  from  potato-starch  turns  blue,  while  that 
from  wheat-starch  is  not  coloured  at  all,  because  the  starch-granules 
of  the  latter  are  surrounded  by  gluten  (because  they  are  smaller  than 
those  of  potato-starch,  Gm.),  a  property  which  makes  it  possible  to 
detect  5  p.  c.  of  potato-starch  in  wheat-starch.  (Martms,  N.  J. 
Fharm.  11,  322.) — The  solution  concentrated  by  evaporation  is  gummy 
and  gelatinous  when  cold,  and,  after  three  days,  forms  an  opaque  mud ; 
it  iiissolves  partially  in  cold  water,  leaving  behind  an  opaque  jelly, 
wliich,  when  diluted  with  water,  deposits  a  white  powder,  soluble  in 
hot  water.  (GuJt)ourt.)— The  solution  evaporated  to  dryness  leav68  a 
residue  (transparent  scales :  Jacquelain)  which  is  only  partially 
soluble  (scarcely  soluble :  Jacquelain)  in  cold  water  (Guerin-Varry, 
Payeu),  and  also  only  partially  soluble  in  boiling  water,  leaving  behind 
translucent  husks  resembUng  the  envelopes  of  the  starch-granules. 
(Guibourt.)  The  insoluble  portion  {amidine  soluble)  amounts  to  38*29 
p.  c. ;  the  soluble  portion  {amdine)  to  61'71  p.  c.  (Guerin-Varry.^— The 
solution  preserved  out  of  contact  with  the  air  becomes  ttlrbia  in  60 
hours  at  20°,  deposits  flakes  which  turn  blue  with  iodine,  and  are  only 
partially  soluble  in  hot  water ;  after  8  months,  without  having  fer- 
mented, it  is  no  longer  coloured  blue  by  iodine.  Even  when  kept  so  that 
air  hqfi  access  to  it,  the  solution  does  not  ferment ;  at  first  it  turns 
blue  with  iodine,  but  does  so  no  longer  after  45  days.  (Guerin-Varry.) 
—  The  solution  cooled  to  20°,  and  then  thawed,  leaves  the  greater 
part,  but  not  all,  of  the  amidine  soluble  {des  fibres  amylacees,  Jacque- 
lain) as  a  white  insoluble  mass,  while  the  solution  contains  amidine, 
(Guerin-Vany.) 

The  aqueous  starch  prepared  with  cold  water,  according  to  Delffs' 
directicJns  (p.  93. — Delffs'  amylogenj,  gives  the  following  reactions:  it 
colours  solution  of  iodine  blue,  gives  white  precipitates  with  baryta- 
water  and  basic  acetate  of  lead ;  reduces  tartrate  of  potash  and  copper ; 
and  is  without  action  on  mercurous  nitiate  or  terchloride  of  gold. 
(Delffs.; 

Here  also  belongs,  according  to  Fliickiger  (Fharm,  Viertelj,  10,  4(T; 
Zeitschr,  Ch.  Phann.  4,  104;  the  product  obtained  from  starcifi  by  the 
following  process :  when  starch  is  shaken  with  10  or  20  pts.  of  a  4— |: 
p.  c.  chlorido-of-calcium  solution,  it  becomes,  after  some  time,  slimy 
and  ropy,  and  after  2-3  days,  an  upper  layer  separates,  which  is  a 
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solution  of  chloride  of  calcium  containing  but  little  BtarcL,  The 
residue,  shaken  up  with  100-160  pts.  water,  forms  a  stiff  jelly,  which, 
when  filtered  after  the  addition  of  more  water,  behaves  with  reagents 
in  the  .same  way  as  Delffs'  amylogcn,  and  from  which  alcohol  pre- 
cipitates flakes,  which,  after  being  washed  with  alcohol,  dry  up  to 
colourless,  transparent  lumps  ;*  while  moist  they  are  easily  soluble  in 
warm  water,  but  after  being  dried  they  are  almost  insoluble  even  in 
boiling  water,  and  do  not  dissolve  in  aqueous  cuprammonia  (Fliickiger). 
^  If  a  solution  prepared  as  above  is  saturated  with  chloride  of  sodium, 
it  may  be  kept  a  much  longer  time  without  alteration.  (Mohr,  Lehrb. 
d,  Chemisch-anal^liscken  Titrirmethode,  Braunschweig,  1862,  236.) 

Starch  triturated,  first  with  a  few  drops  of  water,  theii  with  a  con- 
centrated solution  of  chloride  of  zinc,  produces  a  perfect  paste  at  the 
ordinary  temperature.  On  addition  of  water,  this  paste  yields  a  tm-bid 
liquid,  which  reacts  with  iodine  like  a  solution  of  starcJi  prepared  by 
boiling  starch  with  water  and  filtering.  By  precipitating  the  zinc 
with  carbonate  of  soda  and  filtering,  a  clear  solution  is  obtained  whicli 
reacts  strongly  with  iodine  fMohr,  Lehrb.  d,  Cheni.  analj/L  Titrtnneth, 
235;  Atm.  Fkarm.  115,  212;  abstr.  Rep.  Chim,  pure,  8,  61).  If 

Starch-paste,  —  Klehier^  Colle  d'amidon,  Empoia.  —  Starch-paste  is 
starch  greatly  swollen  up  in  water  (BerzeliusJ ;  does  not  contain  starch  in 
solution  (Schleiden);  according  to  Payen,  it  contains,  according  to 
the  quantity  of  water,  both  dissolved  amidon  fstarch  free  from 
envelopes)  and  undissolved ;  according  to  Guerin-Vany,  it  contains 
dissolved  amidine  and  amidine  soluble ;  according  to  Guibourt,  dissolved 
fecule  soluble;  according  to  Caventou,  dissolved  amidin  togetlier  with 
unaltered  starch.  —  It  is  formed  when  starch  is  heated  with  water  to 
75*'  — 100°;  or  when  starch  which  has  been  moistened  with  cold 
water  is  mixed  with  boiling  water.  —  ^  The  starch-granules  of  sago 
and  tapioca  are  already  whoUy  or  in  part  in  the  state  of  paste. 
(Lippmann.)  f 

When  starch-granules  are  wanned  with  water  they  split,  first  near 
the  nucleus,  then  expand  in  the  direction  of  their  thinnest  layers,  spUt 
open  either  with  straight  or  jagged  edges,  appear  greatly  expanded 
and  transparent,  and  lastly,  there  separates  from  the  inner  layers  a 
great  number  of  small,  soft  flakes,  which  turn  blue  with  iodine,  whereas 
the  swollen  granules  only  become  wine-red.'  (Fritzsche.)  —  On  warm- 
ing starch  with  water  :  at  54°  a  few  of  the  granules,  at  59°  or  60° 
many  of  them,  burst  at  the  nucleus ;  at  61°  a  few,  at  62°  almost  all,  at 
64°  all,  break  up  into  ragged  masses.  (Guerin-Vany.^  They  first 
begin  to  burst  at  56°  ;  at  60°  most  of  them  are  burst,  and  the  blueing 
of  the  water  by  iodine  first  occurs  at  this  temperature.  The  formation 
of  paste  commences  at  72°,  but  the  hot  water  penetrates  before  this 
by  endosmose  [also  according  to  Dutrochet  {Ann.  Sc.  Nat,  30,  354)], 
through  the  envelopes,  into  the  interior  of  the  granules,  causing  thein 
to  swell  up  to  30  times  their  bulk,  bursting  the  envelopes,  and  making 
the  swollen  contents  protrude  more  or  less,  according  to  the  quantity 
of  water  they  have  taken  up.  The  contents  are  partly  dissolved  and, 
on  coohng,  partly  reprecipitated  upon  the  envelopes,  causing  the  paste 
to  contract  and  thicken  (Payen).  %  Lippmann  (/.  pr,  Chem,  83,  52) 
gives  the  following  table,  in  which  the  column  marked  A  shows  the 
temperature  at  which  the  granules  of  the  various  kinds  of  starch 
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enumerated  ia  the  left-hand  column  begin  to  swell  up  distinctly ; 
column  B.  the  temperatures  at  which  the  formation  of  paste  begins ; 
and  jcolnmn  C.  those  at  which  it  is  complete  : — 


A. 

B. 

C. 

Rye-starch 

Maize-starch        .... 

45-0° 

so-o** 

55-0° 

50-0 

55-0 

62-5 

Horse-chestnut  -  starch  {JEsculna 

Hippocastanum) 

52-5 

56-25 

58-75 

Barley-starch       .... 

37-5 

57-5 

62-5 

Chestnut-starch  {Castanea  vesca)  • 

62-5 

58-75 

62-5 

Potato-starch       .        •        .        • 

46-25 

58-75 

62-5 

Rice -starch 

53-75 

58-75 

61-25 

Starch  from  Arum  macukUum 

50-0 

58-75 

62-5 

Hermodactyl-starch     . 

— 

61-25 

65-0 

Tapioca  {Jatropha  utiliasima^  Pohl) 

— 

62-5 

68-75 

Starch  of  Arum  esculentum    . 

45-0 

63-75 

68-75 

Wheat-starch       .... 

50-0 

65-0 

67-5 

Arrow-root  (Man'onta  arundtnacea) 

66-25 

66-25 

70-0 

Sago  (Sa^  Rumphis)  . 

— 

66-25 

70-0 

Buckwheat-starch 

55-0 

68-75 

71-25 

Acorn-starch        .... 

57-5 

77-5 

87-5 
t 
or  50%  the 

Vhen  potato-starch  is  warmed  with  water 

to  40^ 

granules  exhibit  alternately  dark  and  light  rings  ;  at  60°  the  granules 
expand,  the  rings  separate  from  one  another,  and  circles  of  smaller  granules 
become  apparent.  At  65°  —  70°  the  granules  burst,  and,  on  boiling, 
appear  in  irregular  shapes  like  collapsed  bags.  On  moistening  the 
mass  with  iodine,  brown  sheaths,  consisting  of  cellulose,  are  seen  in 
the  midst  of  a  blue,  apparently  granular  mass.  (Maschke.) — Accord- 
ing to  Guerin-Yarry,  triturated  starch  dissolves  in  boiling  water  with 
the  exception  of  2*12.  p.  c.  envelopes  {amidine  teg^umentatre) ;  according 
to  Guibourt,  it  dissolves  completely  by  long  boiling  in  water,  and 
slowly  only  because  the  envelopes  (which  are  not  chemically  different) 
are  denser  than  the  contents.  According  to  Jacquelain,  a  solution  pre- 
pared by  long  boiling  with  500  pts.  water  contains,  in  the  form  of 
soluble  starch,  10 — 17  p.  c.  of  the  starch  employed. 

Starch-paste  forms  a  translucent  jelly,  which  is  thicker,  the  more 
undecomposed  starch  it  contains.  (Caventou.^  Boiled  with  an  equal 
quantity  of  water,  wheat-starch  gives  a  thinner  paste  than  potato- 
starch;  arrow-root,  on  the  other  hand,  gives  only  an  incoherent 
mucilage.  (Pfaff,  iV".  Tr.  11,  2,  197.J  Common  starch-paste  is  sticky, 
not  so  that  prepared  from  rice-starch  (Yogel) ;  it  has  a  faint  taste, 
and  a  peculiar  smell  whcti  prepared  from  wheat-starch,  not  when  pre- 
pared from  arrow-root.  COswald,  N.  Br.  Arch.  40, 166.)  The  starcn  of 
jEscuIus  Hippocastanum  does  not  form  a  paste,  but  only  a  thick 
mucilage.      (Schweigger-Seidel,  J.  pr.  Chim.  5,  2270 

Starch-paste  becomes  acid  by  standing  in  the  air^  owing  to  the 
formation  of  lactic  acid  (Braconnot),  —  of  an  uncrystallisable  acid. 
(Collard  de  Martigny,  J.  Chim.  med.  3,  238).  If  saturated  with 
common  salt,  it  may  be  kept  in  stoppered  bottles  without  alteration 
for  more  than  a  year.  (Mohr.)  Starch  is  converted  by  boiling  into 
sugar  (which,  after  1  or  2  months  at  the  common  temperature, 
amounts  to  \^^  of  the  starch  used),  into  gum,  into  slightly  altered 
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pasty  starch  (anUdine)^  and  sometimes  into  a  resinous  substance  (Comp. 
Saussure,  Ann.  Chim,  Phys,  11,  388  and  Caventou\ 

When  exposed  to  sunlight^  starch-paste  is  cnanged,  first  into  a 
substance  resembling  inulm,  then  into  dextrin  and  sugar.  —  The 
transformation  does  not  take  place  in  the  dark,  except  in  presence  of 
potassio-ferric  tartrate,  the  presence  of  which  makes  sunhght  act 
with  one-third  more  energy ;  nitrate  of  uranium  renders  the  action  of 
sunlight  from  8  to  10  times  more  intense ;  ferrous  lactate  or  citrate  and 
corrosive  sublimate,  on  the  other  hand,  diminish  or  prevent  it 
altogether.  (Ni^pce  de  St..  Victor  &  Corvisart,  CornpL  rend.  49,  868 ; 
abstr.  Ann.  Pharm.  118,  112.) 

B.  With  Iodine,  —  Starch  is  coloured  blue  by  contact  with  iodine, 
and  forms  iodide  of  starch  (Colin  &  Gaultier  de  Claiibry),  a  dark  bluo 
shining,  easilv  pulverizable  mass,  retaining  the  original  form  of  the 
starch-granules.  (Fritzsche;  Schacht,  N.  Br.  Arch.  47,164.)  It  is 
to  be  regarded  as  starch  coloured  blue  by  the  surface  of  the  granules 
being  covered  with  finely  divided  iodine.  (Liebig,  Ann.  Pharm.  42, 
308;  and  others.)  According  16  Payen  and  Fritzsche,  it  is  a  com- 
pound of  10  at.  starch  with  1  at.  iodine. —  According  to  the  way  in 
which  it  is  prepared,  iodide  of  starch  may  contain  from  3*2  to  7*1  p.  c. 
iodine.  —  Tne  colour  of  the  compound  is  not  the  same  with  all  kinds 
of  starch :  arrow-root  starch  gives  the  purest  blue ;  wheat-starch  more 
of  a  reddish  violet  colour.    (Fohl.) 

The  formation  of  iodide  of  starch  takes  place  also  when  air  is 
excluded.  (Payen.)  It  also  takes  place  slowly  when  starch  is  tritu- 
rated with  solid  iodUne,  tincture  of  iodine,  or  an  ethereal  solution  of 
iodine;  it  occurs  immediately  in  presence  of  water,  or  when  warm 
tincture  of  iodine  is  poured  on  the  starch.  Iodine-vapour,  or 
iodine  dissolved  in  absolute  alcohol,  does  not  form  iodide  of  starch 
with  dry  starch.  (Payen ;  Gobley,  J.  chim.  med.  20,  121 ;  Lang- 
lois.)  T-  Potato-starch,  treated  with  alcohol  and  tincture  of  iodine,  is 
coloured  more  or  less  brown ;  otherwise  the  same  phenomena  occur  as 
when  pure  alcohol  is  used.  Tlie  blue  coloration  occurs  only  when  a 
great  excess  of  water  is  added,  or  when  the  alcohol  has  become  dilute 
by  evaporation  and  absorption  of  water.  These  phenomena  are 
accounted  for  by  the  solvent  power  of  alcohol  for  iodine  being  great 
enough  to  overpower  the  attraction  of  the  starch  for  iodine.  (Pohl, 
J.  pr.  Chem.  83,  37.)  T  —  Starch-paste  mixed  with  iodide  of  potassium 
is  coloured  blue  by  all  re-a^nts  which  Uberate  iodine  from  metallic 
iodides,  and  hence  by  chlonne  (Lassaigne ;  Bottger,  Aim.  Pharm.  33, 
338 ;  Wackenroder,  N.  Br.  Arch.  47,  166),  fuming  nitric  acid  (Walther, 
Qu.  J.  3,  378 ;  Harting,  J.  pr.  Chem.  22,  46),  bromine  (Wackenroder), 
ozone  (Schonbein,  Pogg.  75,  366),  oil  of  vitriol,  sesquichloride  of  iron, 
and  many  other  bodies.  Very  dilute  peroxide  of  hydrogen  separates 
iodine  either  not  at  fiill,  or  very  slowly,  from  a  mixture  of  iodide  of 
potassium  and  starch ;  it  acts  quickly,  however,  if,  free  acid  being 
avoided,  a  small  quantity  of  a  dilute  aqueous  feiTous  salt  is  added. 
(Schonbein,  Pogg.  112,  281.) 

The  blue  coloration  of  starch  either  does  not  occur  or  is  less  pure 
in  presence  of  tannic  acid,  a  small  quantity  of  galhc  acid,  pyro^allic 
acid  or  urine  (Lowe,  J.  pr.  Che?n.  74,  358) ;  in  presence  of  sahva,  blood- 
Beram,  and  other  substances,  it  is  not  produced  until  the  liquid  con- 
taining the  starch  has  been  mixed  with  1  —  2  drops  of  tinctm-e  of 
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iodine,  then  with  a  few  drops  of  aqueous  potash,  and,  lastly,  supersa- 
turated with  nitric  acid.    (B^champ,  N.  J.  Fharm.  27,  406.) 

Starch  is  perceptibly  coloured  blue  by  ^  ^^}^  5  ^   pt.  of  aqueous 

iodine,  not  by  T^}^irs  P^*  (<»  ^^  contrary :  Stromeyfr,    Gilb,  49,  146}  i  by 

dilorine  in  presence  of  i^^li^t  P^*  iodine  in  the  form  of  iodide  of  po- 
tassium (Lassaigne) ;  by  a  small  quantity  of  fuming  nitric  acid  in 
presence  of  Tiro»Wir  P^*  iodide  of  potassium,  very  faintly  ia  presence 
of  ^^^}^^^  pt. ;  in  the  last  case  the  coloration  is  prevented  by  chloride 
of  potassium  if  the  quantity  of  this  salt  present  amounts  to  10,000 
times  as  much  as  the  iodide  of  potassium  ^Walther) ;  it  is  pro- 
duced in  .presence  of  ^^^,^^5^  pt.  iodine  in  toe  form  of  iodide  of 
potassium,  after  some  hours  with  ^^^Jj^^pj.  to  ^5,^^^^  pt.  iodine  in  the 
same  form ;  not  at  all  with  a  still  smaller  quantity.  (Harting.)  A 
solution  of  starch-paste  containing  from  ^^^ht^  P^«  ^  cTtr.W^  P**  io<iihe, 
as  iodide  of  potassium,  is  coloured  blue  at  0"^  on  addition  of  sulphuric  acid 
containing hyponitric  acid;  whereas,  at  IS'',  the  coloration  is  barely 
perceptible  with  h^^^a^h  pt.,  at  20°  ¥dth  jtj.Wt  V^'f  **  ^0°  with 
TTr.Vrnr  P^*  iodine.  Hence  it  results  that  the  quantity  of  iodine 
required  to  colour  aqueous  starch-paste  increases  with  the  tempera- 
ture. (Fresenius,  Ann.  Fharm,  102,  184 ;  Kapp*8  Jahresber.  1857,  581.) 
Pure  iodide  of  starch  is  obtained :  1.  By  adding  iodine  or  alcoholic 
tincture  of  iodine  to  a  filtered  solution  of  starch-paste  in  concentrated 
hydrochloric  acid,  washing  the  resulting  precipitate  with  water,  till 
the  liquid  runs  away  colourless,  and  drying  over  oil   of  vitrioL 

(Fritzsche.)^The  oomponid  thus  prepared  ^nerally  contains  hydrochloric  add 

(Fritasche,  BiJttger.)  —  2.  By  mixing  potato-starch  paste  containing 
iodide  of  potassium  with  an  equivalent  quantity  of  chlorine-water, 
and  washing  and  drying  the  precipitate,  which  forms  immediately. 
(Bottger.)  Lassaigne  triturates  potato-starch  with  cold  water, 
dilutes,  washes,  mixes  the  filtrate  (which  contains  Lassaigne's 
amidin)  with  aqueous  or  alcoholic  iodine,  and  evaporates  in  vacuo. 
Lassaigne's  iodamidin  thus  prepared  contains  41*76  p.  c  iodine. 

Duroy  (Compt.  rend.  51,  1031 ;  Zeitschr.  Ch.  Phann.  4,  88),  who 
regards  blue  iodide  of  starch  as  coloured  by  excess  of  iodme,  obtains 
his  colourless  iodide  of  starch — ^which,  however,  may  be  blued  by  chlo- 
rine or  nitric  acid^by  boihng  aqueous  blue  iodide  of  starch  till  it  is 
decolorised,  or  bv  leaving  it  in  contact  with  washed  beer-yeast,  and 
evaporating  the  decolorised  solution.  He  frees  the  residue  by  alcohol 
from  the  sugar  which  has  been  formed,  colourless  iodide  of  starqh  then 
remaining  in  the  form  of  a  sweet  g^m. 

Iodide  of  starch  heated  in  a  retort  becomes  first  darker,  then 
lighter,  yields  a  distillate  of  aqueous  hydriodic  acid,  acetic  add  and 
empyreumatic  oil,  and  leaves  a  residue  of  charcoal.  (PeUetier.)  Air- 
(Med  iodide  of  starch  heated  in  a  sealed  tube  to  162*^,  melts  completely 
to  a  transparent,  brownish-yellow  mass,  which  becomes  vitreous  on 
cooling,  dissolves  in  boiling  oil  of  vitriol,  and  is  precipitated  therefrom 
in  brown  flocks  by  water.    (Fayen  $  oomp.  Jacquelain.) 

Iodide  of  starch,  whether  dry  or  dissolved  m  water,  is  decolorised 
by  exposure  to  sunlight  (Raspail,  Guibourt,  Payen) ;  tlw  colour  is  re- 
stored by  ozone  (Schonbein,  Pogg,  75,  354). 

Iodide  of  starch  behaves  like  starch  when  agitated  or  triturated 
with  water.  —  If  it  has  been  prepared  from  aqueous  starch  or  in  the 
manner  above  described,  it  dissolves  readily  in  cold  water,  and  is 
obtained  unaltered  by  spontaneous  evaporation,  or  by  evaporation  in 
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vacuo.  (Fritzsche ;  Jessen,  Pogg.  100,  497 ;  and  others.)  It  is  preci- 
pitated from  the  aqueous  solution  by  alcohol  less  easily  than  aqueous 
starch  (Jessen);  by  isinglass,  acids,  and  salts,  and  by  cooling  (Payen). 
The  easily-formed  solution  of  Lassaigne's  iodamidin  in  cold  water 
retains  its  blue  colour  unaltered  for  4  years,  and  sohdifios  at  5"  to  a 
dark  blue  mass,  which,  when  thawed,  deposits  dark  blue  flocks  soluble 
in  water  at  55**  to  60°.  Seput  {N.  J.  Pharm.  21,  202)  obtained  an 
iodide  of  starch  soluble  in  cold  water,  by  heating  1  pt.  iodine  with 
3  pts.  starch  to  80°— 100°  for  ha]f-an*hour,  and  then  heating  it,  with 
agitation,  to  180°— 140°.  Magnes-Lahens  {N.  J.  Pharm.  19,  243) 
obtained  it  by  heating  the  same  mixture  in  the  water-bath  for  two  or 
thiee  hours,  and  washing  out  the  excess  of  iodine  with  alcohol.  The 
product  thus  obtained  is  called  by  Seput  iodide  of  dextrin. 

A  very  dilute  aqueous  solution  of  iodide  of  starch,  heated  to  G5° 
(Payen  &  Peraoz),  becomes  colourless,  but  recovers  its  blue  colour  on 
cooling,  provided  it  has  not  been  boiled  long  enough  to  expel  all  the 
iodine.  With  100  pts.  of  boiling  water,  iodide  of  starch  forms  a 
colourless  paste  (PeUetier),  which'  gives  off  the  vapour  or  odour  of 
iodine  (Fritzsche).  Decolorised  iodide  of  starch  is  free  from  hvdriodic 
acid  (PeUetier,  Fritzsche),  contains  iodic  acid  (Langlois),  ajid  hydri- 
odic  acid  (Lassaigne),  and  is  therefore  again  blued  by  chlorine  and  by 
concentrated  mineral  acids,  even  if  it  v^^mains  colourless  on  cooling 
(Langlois,  PeUetier) ;  also  by  salts  (Payen),  not  by  vegetable  acids  or 
by  dilute  mineral  acids,  sulphurous  acid,  or  carbonic  acid  (PeUetier).  A 
concentrated  aqueous  solution  of  iodide  of  starch  is  not  decolorised  by 
boiling  (Langlois ;  comp.  Jacquelain). 

The  ciecoloration  of  aqueous  iodide  of  starch  by  heat  is  due  to  the  vo- 
latilisation of  the  iodine ;  hence  it  does  not  take  place  (with  concentrated 
iodide  of  starch)  in  a  sealed  tube,  or  when  the  liquid  contains  excess 
of  iodine.  If  the  iodine  which  evaporates  on  boihng  be  expeUed  by 
blowing  air  into  the  vessel,  the  iodide  of  starch  remains  colourless 
af  t€r  cooling,  but  if  it  can  reabsorb  the  iodine-vapours  on  cooling,  the 
colour  is  restored.  Dilute  iodide  of  starch  heated  30  or  40  times  in  a 
sealed  tube  is  decoloiised  by  each  application  of  heat,  but  regains  its 
blue  colour  on  cooling,  without  much  decrease  of  intensity.  (Baudri- 
mont,  CompL  rend.  51,  825  ;  Zeitsckr.  Ch.  Pharm.  4,  27  j  —  comp.  Pohl, 
J.  pr*  Chem.  83,  88.)  —  This  statement  does  not  accord  with  the 
observations  of  Kraut.  When  aqueous  iodide  of  starcli,  which  became 
colourless  on  being  heated  in  an  open  tube,  was  enclosed  in  a  sealed 
tube  and  immersed  in  the  water-bath,  decoloration  took  place  as 
quickly  as  in  an  open  vessel.  Iodide  of  stai'ch,  which  had  been 
heated  in  a  closed  tube  for  a  short  time  only,  became  blue  again 
on  cooling,  but  not  that  which  had  been  heated  for  several  hours. 
On  adding  more  iodine  after  cooling,  the  blue  colour  was  re- 
stored ;  on  sealing  the  tube  and  again  heating,  it  was  destroyed ; 
and  on  cooling,  the  colour  waq  restored  or  not  restored,  accord- 
ing to  the  duration  of  the  heating.  At  the  same  time  hydriodic 
acid  was  produced,  recognisable  by  cyanide  of  mercury.  (Kr.) 
I  Decoloration  of  iodide  of  starch  or  its  aqueous  solution  is  produced 
by  all  re-agents  which  cause  the  iodine  to  enter  into  combination, 
especially  by  chlorine,  the  colour  being  then  restored  by  zmc  and 
dilute  sulphuric  acid  (Henry  &  Humbert,  Compt.  rend  47,  298) ;  nitric 
add,  which  converts  the  iodine  into  iodic  acid,  and  destroys  the  starch 
(Langlois;    Wackenroder,  H.  Br.  Arch.  47,  166);   sulphurous  acid, 
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liydrosulphuric  add  (Lauglois);  arsenioufl  acid  (Pisani);  aqueous 
ammonia  and  potash  (Pelletier),  the  blue  colour  being  then  restored 
by  adds.  locude  of  starch  is  likewise  decolorised  by  terchloride  of 
antimony,  chloride  of  arsenic,  terchloride  of  gold,  ferrous,  manganous, 
stannous,  mercurous,  mercuric,  and  silver  salts.  (Pisani.)  Infusion 
of  galls  decolorises  iodide  of  starch :  hence  certain  roots  containing 
both  starch  and  tannin,  are  not  blued  by  iodine  till  after  addition  of 
nitric  acid.  (Wackenroder.)  Decoloration  is  also  produced  by 
pyrogallic  acid,  by  wood- vinegar  and  by  tobacco- vapour,  after  the 
compound  has  been  moistened  with  acetic  acid.  (Lowe,  J.  ^w.  €hem» 
71,  358.)  Slightly  blued  starch  is  decolorised  by  fixed  oils.  (Payen.) 
Alcohol  and  ether  abstract  part  of  the  iodine  from  iodide  of  starch. 
(Payen,  Langlois.) 

When  starch-paste  is  mixed  a  with  tincture  of  iodine,  h  with  iodide 
of  potassium,  and  both  or  only  the  latter  with  nitric  acid  free  from 
nitrous  acid,  and  bromine-vapour  is  made  to  flow  on  to  the  surface  of 
both  mixtures,  a  is  completely  decolorised,  but  h  assumes  an  emerald- 
green  colour,  changing  to  olive-green  on  further  exposure  to  the 
bromiue- vapour,  and  finally  to  brown.  The  latter  colouring  is  also  pro- 
duced by  chlorine  or  hyponitric  acid,  whereas  the  mixture  of  iodide  of 
potassium  and  starch-paste  (not  containing  free  nitric  acid)  is  not 
coloured  emerald-green  either  Jjy  these  re-agents  or  by  bromine- water. 
(J.  Reinsch,  N.  Jafirb.  Fharm,) 

C.  With  Bromine.  —  Bromide  of  Starch. —^Formed  by  precipitating 
a  solution  of  starch  in  hydrochloric  acid  with  aqueous  bromine.  — 
Oran^-yeUow  powder,  which  cannot  be  dried  without  loss  of 
bronune ;  it  loses  its  colour  irom  above  downwards,  even  while  in  the 
acid  liquid,  and  is  completely  decolorised,  with  loss  of  bromine,  by 
heat,  but  re-assumes  a  pale  yellow  colour  on  cooling.    (Fritzsche.) 

D.  With  Acids.  —  Snlphamidomc  acid  (p.  104). 

E.  With  Bases.  —  AmUate  of  Baryta.  —  By  precipitating  starch- 
paste  with  baryta- water.  (Payen.)  —  Aqueous  chloride  of  barium  does  not 
form  any  precipitate.  (Pajen.) — When  baiyta- water  is  boiled  with 
potato-starch  for  half-an-hour,  thick  white  lumps  of  amilate  of  baryta 
separate  on  cooling.  (Zeise.)  —  Coherent  precipitate  becoming  very 
tenacious  after  a  while  (Payen) ;  it  dissolves  after  some  time  in  the 
precipitating  liquid  (Payen),  or  in  water  if  washed  for  some  time 
with  that  Bquid,  and  is  predpitated  from  the  solution  by  baryta- 
water.     (Zeise.) 

Amilate  of  Lime.  —  B3'  precipitating  thin  starch-paste  with  lime- 
water.     (Braconnot,  Ann.  Chim.  Phys.  4,  372  ;  Payen.)    White  flocks. 

(Braconnot.)  Boiling  starch-paste  mixed  with  a  few  drops  of  aqueous  chloride  of 
calcium  and  a  small  quantity  of  aqueous  potash  sometimes  throws  down  amilate  of 
lime  in  the  form  of  a  jelly.    <E.  Schmidt  Ann.  Pharm.  51,  31.) 

Starch-paste  dissolves  recently  ^TecipitB,teA  phosphate  of  lime.  (Vau- 
quelin,  J.  Phys.  85,  126 ;  Schmidt.) 

Amilate  of  Lead.  —  Basic.  10  pts.  of  starch  are  boiled  with  1200 
pts.  of  water ;  the  liquid  is  filtered ;  the  boiling  filtrate  mixed  with 
20  pts.  of  ammonia  previously  diluted  with  40  pts.  of  water;  the 
liquid  added,  with  stirring,  to  a  solution  of  30  pts.  neutral  acetate  of 
lead  in  200  pts.  water  and  5  pts,  ammonia ;  the  supernatant  liquid 
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decanted  from  the  precipitate  after  the  lapse  of  an  hour,  and  the  precipi- 
tate is  treated  four  times  with  boiling  water — being  each  time  left  to 
settle  and  the  liquid  decanted  in  close  vessels — then  washed  on  the 
filter  with  boiling  water,  pressed  between  bibulous  paper,  and  dried  in 
vacuo  first  over  hydrate  of  potash,  then,  after  pulverization,  at  180°. 

(Payen.)  When  aqueous  starch  free  from  ammonia  is  precipitated  with  ammoniacal 
aqueous  solution  of  neutral  acetate  of  lead,  the  precipitate  contains  a  smaller  quantity 
of  lead^xide  (54*73  to  56*45  p.  c.  according  to  Pftyen) ;  similarly  when  it  is  preci- 
pitated by  a  solution  of  basic  nitrate  of  lead  and  the  precipitate  dried  in  yacuo  at  100** 
(28  p.  c.).  (Berzelius.)  Aqueous  starch  is  also  precipitated  by  basic  and  neutral 
acetate  of  lead  without  the  aid  of  ammonia  (CaTcntou)  j  not  by  the  neutral  acetate, 
(Thomson,  Trommsdorff.) 


24  C 144-0  ..« 

18  H 18*0  .... 

18  O 1440  .... 

4  PbO 446*8  .... 

C»*Hwpb»0»,2PbO  ?  752-8     ....  100*0    .,.,  100-00 

Payen  regards  the  compound  as  C%'0^,2PbO,  according  to  which  formula,  it 
should  giro  up  1  at.  HO  at  180**  in  exchange  for  PbO.  Since,  however,  starch-paste 
heated  With  2  pts.  oxide  of  lead,  first  to  140",  then  to  180**  in  vacuo,  gives  off  only  traces 
of  water,  Mulder  (/.  pr.  Chem.  15«  300)  is  of  opinion  that  the  oxide  of  lead,  in  combining 
with  the  starch,  cannot  take  the  place  of  water.  Payen's  compound  of  starch  with 
oxide  of  lead  dried  at  temperatures  below  130*^  still  contains  unaltered  starch  and 
traces  of  dextrin,  turns  yellow  at  160^  lemon-yellow  after  some  time  at  179%  gives 
off  only  0*5  p.  c.  water  between  129**  and  179**,  but  contains  together  with  the  unaltered 
starch  a  larger  quantity  of  dextrin  (Berzelios).  —  It  is  not  converted  into  dextrin  at  a 
temperature  of  170^ —  180**,  and  it  is  only  after  addition  of  acid  that  it  swells  up  in 
hot  water,  is  blued  by  iodine,  or  converted  by  diastase  into  sugar  (Payen). 

Solution  of  borax  co^gxi\a,tea  starch-paste  (Hofer),  not  in  presence 
of  free  add  or  of  tartrate  of  potash.    (Lowig,  Org.  Verb.  1,  374.) 

Aqueous  nickel-ammonia  neither  causes  starch  to  swell  up  nor 
dissolves  it.  (Schlossberger,  Ann.  Pkarm.  107,  22;  J.  pr.  Chem. 
73,  370.) 

Aqueous  ferric  sulphate  does  not  precipitate  starch-paste  (Paven) ; 
starch-paste  also  prevents  the  precipitation  of  ferric  salts  by  alkalis. 
(H.  Rose.) 

Starch  is  insoluble  in  aqueous  basic  sulphate  or  hyposulphate  of 
cuprammonia  (Schweizer,  J.  pr.  Chem.  72,  111),  even  when  heated, 
but  swells  up  strongly  therein  (SchloRsberger,  Ann.  Pharm.  107,  23 ; 
J.  pr,  Chem.  73,  370).  The  power  of  the  solution  to  make  starch 
swell  up  is  limited  ;  its  action  extends  from  without  inwards,  and 
causes  the  swollen  starch-granules  to  appear  darker  than  the  sur- 
rounding liquid.  (Cramer,  Chem.  Centr.  1858,  57 ;  J.  pr.  Chem.  73, 
13.)  —  When  aqueous  sulphate  of  cuprammonia  is  poured  upon  wheat- 
starch,  the  granules  swell  up  strongly,  and  an  insoluble  violet  com- 
pound (amilate  of  copper)  is  formed,  containing  12*75  p.  c.  cupric  oxide, 
ammonia  slowly  decolorises  it,  and  removes  the  copper.  When  cold 
dilute  acids  are  poured  upon  this  compound,  it  swells  up  strongly,  and 
finally  dissolves  with  the  exception  of  the  enlarged  envelopes  of  the 
starch-granules.     (Payen,  Compt.  rend.  48,  67.) 

Starch  boiled  with  water  forms  a  precipitate  with  aqueous  nitrate  of 
sUfferi    this  precipitate  is  more  copious  with  arrow-root  than  with 
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potato-starch.  (Schmidt,  N,  Br,  Arch.  19,  195.)  Starch  boiled  with 
90  pt6.  water  dissolves  nitrate  of  silver.    (Thomson.) 

Starch-paste  prepared  with  1  pt.  starch  to  90  pts.  water  does  not 
precipitate :  cobalt'salts,  zinc'SaUa^  atannoua^  ferr&uSy  ferric j  or  cupric 
salta^  nitrate  of  lead,  mercuric  nitrate,  terchlortde  of  gold,  or  bichloride  of 
platinum,  (Thomson.)  Starch-paste  prepared  with  1  pt.  wheat-starch 
and  50  pts.  water  does  not  precipitate:  uranie  nitrate,  manganous 
sulphate,  tartar-aneiic,  nitrate  of  zinc,  chloride  of  cadmium,  chloride  of  tin, 
sesquichloride  of  iron,  the  salts  of  cobalt,  nickel,  copper^  or  silver,  mercuric 
nitrate^  terchloride  of  gold,  chloride  of  platinum,  or  chloride  of  palladium, 
(TrommsdorfF,  Taschenb.  1824,  24.)  Thin  starch-paste  heated  to  SO"*, 
does  not  precipitate  aqueous  acetate  of  alumina  or  ferrous  sulphate,  but 
produces  a  slight  turbidity  in  mercurous  nitrate. 

Infusion  of  galls  added  to  thin  starch-paste  produces  an  abundance 
of  grey  flocks  (Thomson;  Payen  &  Persoz),  which  are  partially 
decomposed  and  leave  a  residue  of  starch  when  completely  washed  with 
alcohol  (Thomson);  and  also  when  washed  with  cold  water.  (Kali- 
nowsky,  J,pr.  Chem.  35,201.)  The  flocks  disappear  on  heating  the 
liquid  above  49°,  reappear  below  49°,  and  dissolve  in  excess  of  the 
infusion  of  galls.  (Thomson.)  If  the  infusion  of  galls  be  slowly 
added,  they  dissolve  at  flrst,  but  not  afterwards ;  they  are  likewise 
insoluble  in  a  large  quantity  of  water,  and  are  deposited  on  adding 
more  of  the  infusion  of  galls,  (Payen.)  The  dried  precipitate  is 
brownish  yellow,  translucent,  brittle,  and  has  a  harsh  taste.  (Thomson.) 
Tasteless.    (KaUnowsky.) 

Starch  is  insoluble  in.  alcohol,  in  ether,  and  in  oik,  both  fixed  and 

volatile.  From  impure  BUroh,  these  solvents  remove  chlorophyll,  wax  or  hx, — 
Starch  swells  ap  when  glyoeria  is  poured  upon  it.  (Cap  &  Garot,  N*  J,  Pharm, 
26,  81.) 


Appendix  to  Starch, 

1.  Bechamp's  Soluble  Starch. 

DisHnguis^fld  hy  Bichamp,  as  a  suhstanoe  differing  from  common  starch  and  from 
dextrin.  He  regards  it  as  identical  with  the  substance  originally  called  dextrin  by 
Biot  (not  that  to  which  the  name  dextrin  is  now  applied).  Respecting  Maschke's 
soluble  starch,  see  page  82. 

Formation.    Common  starch  is  converted  into  soluble  starch  by  hot 

dilute  acids,  diastase,  concentrated  acids,  either  cold  or  hot,  and 

solution  of  chloride  of  zinc.  —  When  sUrch  is  subjected  to  the  action  of  dilute 
ecids  or  of  diastase,  it  is  first  disorganised,  then  converted  into  a  substance  which  is 
not  immediately  blued  by  iodine  (Saussnre's  Ligneux  amplaci),  then  into  a  substance 
which  dissolves  only  in  water  at  80",  and  separates  again  as  the  solution  cools 
[Jacquelain's  Grannht  de  ficule^  Schulse's  ^mt<f]i/m  (J.  Pr.  Ckem.  44,  178)],  and 

finally  into  soluble  starch.  —  Soluble  Starch  is  produced,  without  previous 
disorganisation,  by  the  action  of  glacial  acetic  add  on  starch. 
(B^champ.^— It  is  likewise  obtained  by  treating  xyloTdin  with  aqueous 
protochlonde  of  iron.    (Bechamp,  Compt,  rend,  87, 184.) 


i 
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Pi'^kxraHon. — Starch-paste  is  subjected  to  the  action  of  diastase  or 
of  dilute  sulphuric  acid,  till  the  mixture  is  coloiu-ed  by  iodine,  no  longer 
blue  but  violet,  the  hquid  is  then  saturated  with  carbonate  of  bar^a, 
or  the  action  of  the  diastase  is  interrupted  by  boiUng,  the  filtrate  is 
precipitated  with  alcohol,  and  the  precipitate  is  washed  with  alcohol 
and  dried. — 2.  One  part  of  starch  is  heated  with  4  pts.  glacial 
acetic  acid  to  100°  in  a  sealed  tube  for  six  liours,  and  the  contents 
of  the  tube  are  washed  on  a  filter  with  alcohol,  and  dried. — 3.  Starch 
covered  with  2  pts.  of  ordinary  and  1  pt.  of  fuming  nitric  acid,  is  left 
to  stand  in  a  covered  vessel  at  18°  —  20°,  till  it  is  converted  into  a 
clear,  transparent  mass, — or  a  thick  mixture  of  starch  and  nitric  acid 
is  heated  till  it  gives  off  red  vapours  ;  alcohol  is  added  in  either  case ; 
and  the  insoluble  residue  is  washed  with  alcohol,  and  dried  over  oil  of 
vitriol. — 4.  Three  parts  of  starch  are  triturated  with  2  pts*  oil  of 
vitriol ;  the  stiff  white  paste  is  covered  with  alcohol  after  the  lapse  of 
half-an-hour ;  and  the  insoluble  residue  is  purified  by  washing  with 
alpohol,  solution  in  water,  and  precipitation  with  alcohol. — f .  6.  Nitra- 
midin,  binitramidin,  or  one  of  the  compounds  isomeric  therewith 
(pp.  106 — 112),  is  heated  with  a  rather  <^ute  and  perfectly  neutral 
solution  of  protochloride  of  iron,  keeping  the  temperature  below 
100°,  and  adding  iron  filings  to  prevent  the  formation  of  free 
hydrochloric  acid,  which  would  transform  the  starch  into  dextrin. 
As  soon  as  the  evolution  of  nitric  oxide  ceases,  the  liquid  is 
quickly  cooled,  filtered,  mixed  with  alcohol,  and  left  to  stand  for 
twenty-four  hours.  It  then  deposits  an  ochreous  mixture  of  starch 
and  ferric  oxide,  which  is  washed  with  alcohol  and  dissolved  in  water ; 
the  filtered  solution  is  treated  with  excess  of  baryta,  and  the  resulting 
precipitate  of  amilate  of  baryta  is  washed  with  water  containing  a 
tittle  baryta,  then  suspended  in  water  and  decomposed  by  carbonic 
acid.  The  colourless  filtrate,  concentrated  and  freed  from  dissolved 
carbonate  of  baryta  by  heatijig  in  the  water-bath,  is  then  mixed  with 
very  strong  alcohol,  which  precipitates  the  starch  in  very  minute 
granules,  to  be  purified  by  re|>eated  washing  with  nearly  absolute 
alcohol,  and  drying  in  vacuo  over  oil  of  vitriol.  (B^champ,  N,  Ann.  Chim, 
Phys.  64,  329.)  % 

Properties.  White  powder,  or  if  obtained  by  evaporating  the 
aqueous  solution,  gummy  transparent  mass.  If  preparea  with  glacial 
acetic  acid,  it  does  not  differ  in  appearance  from  ordinary  starch. 
— Rotate:^  power  [a]  =  211*  to  the  right,  (B^hamp;  Berthelot, 
N.  Ann.  Chm.  Phys.  48,  495.) 

B6champ. 
at  20*. 

24  C 144     44-44     44-34 

20  H 20     6-17     6-44 

20  0 160     49-39     49-22 

C24H»oao  324    looOO    10000 

By  the  further  action  of  the  dilute  acids  or  of  the  diastase  used 
in  its  preparation,  it  is  converted  into  dextrin,  sugar,  and  non-fer- 
mentable amyUn ;  by  oil  of  vitriol  or  chloride  of  zinc,  it  is  little,  if  at 
all,  converted  into  dextrin  and  sugar. 

Soluble  starch  dissolves  readily  in  water,  whether  hot  or  cold ; — 
the  solution  is  not  rendered  turbid  by  cooling  or  by  evaporation  to  a 


10*  CARBO-HYDRATES  C»HWO»».  v 

syrup ;  neither  does  it  suffer  any  alteration  of  rotatory  power  by 
keeping. 

Soluble  starch  in  the  solid  state  or  in  solution,  is  turned  blue  by 
iodine^  forming  soluble  iodide  of  starch.  It  is  precipitated  from  its 
solution  by  lime  or  baryta-water,  by  alcohol,  and  by  tannm.  (B^hamp.) 


2.  Sulphamidonic  Acid. 

FsHLiNa.    Ann.  Pharm,  55,  18. 

Blondeau  de  Carolles.    Rev.  scierU.  15,  69 ;  abstr.  J.  pr,  Chem.  38, 
439  ;  Ann.  Pharm.  52,  416. 

Known  chiefly  in  combination  with  bases.— By  the  action  of  oil  of  vitriol 
upon  star6h,  compounds  are  produced,  containing,  according  to  the 
quantity  of  the  oil  of  vitriol,  the  duration  of  the  action,  and  the  limits 
within  which  the  temperature  is  restrained,  from  12  to  44  at.  C,  and  12  to 

39  at.  H  and  0,  to  2  at.  sulphuric  acid.  See  the  baryta-ealta.  (Fehling.) 
The  product  obtained  by  8  or  10  days'  action  of  oil  of  vitriol  on  starch  contains  dextrin 
and  sugat  as  well  bb  snlphamidonic  add. 

The  aqueous  acid  is  obtained  by  decomposing  the  lead-salt  with 
sulphuretted  hydrogen.  On  evaporating  the  filtrate  separated  from 
the  sulphide  of  lead  in  vacuo  at  10°,  there  remains  a  white,  non-crys- 
talline, acid,  deliquescent  mass,  whose  concentrated  solution  blackens 
at  100**,  and  decomposes  readily,  even  at  ordinaiy  temperatures,  with 
formation  of  sulphuric  acid,  dextrin,  and  sugar.    (Fehling.^ 

If  the  solution  obtained  by  adding  starch  to  oil  oi  vitriol  and 
diluting  with  water,  be  neutralised  with  alkaline  or  metallic  carbonates, 
the  sulphamidonatea  are  produced.  These  salts  are  amorphous,  swell 
up  and  give  off  vapours  of  sulphuric  acid  when  heated ;  are  decom- 
posed by  chlorine  with  formation  of  hydrochloric  acid ;  and  dissolve 
readily  in  water.  (Blondeau.) 

Svlphamdonate  of  Baryta. — When  the  solution  obtained  by  adding 
starch  to  oil  of  vitriol  and  diluting  with  water,  is  neutralised  wim 
carbonate  of  baryta,  and  the  filtrate  is  evaporated  in  a  current  of  air  at 
25°,  non-crystalline  baryta-salts  remain,  which,  after  drying  in  vacuo, 
may  be  heated  to  100  for  three  or  four  horn's  without  alteration, 
dissolve  easily  in  water,  and  are  decomposed  when  heated  therewith,  de- 
positing sulphate  of  baryta.  These  baryta-salts  differ  in  composition 
according  to  the  quantity  of  oil  of  vitriol  used,  and  the  time  during 
which  it  has  remained  in  contact  with  the  starch. 

a.  By  12  hours'  action  of  2^  pts.  oil  of  vitriol  on  1  pt.  starch  = 
C»H"0",SO».BaO,SO».— ft.  By  24  hours'  action  of  the  same  = 
C"H»0",SO».BaO,SO»-^.  By  3  hours'  action  of  1^  pt«.  oil  of  vitriol  on 
1  pt.  starch  =  C»H"0*«,SO".BaO,SO».— rf.  By  24  hours' action  of  2  pts. 
oil  of  vitriol  on  1  pt.  starch  =  C»*H*>0»,SO> .  BaO,SO».— e.  By  48  hours' 
action  of  1^  pts.  oil  of  vitriol  on  1  pt.  starch  =  C»H**O^SO» .  BaO,S0«. 
— /.  By  48  hours'  action  of  2^  pts.  oil  of  vitriol  on  1  pt.  starch  = 
C»H»0*,SO».  BaO,SO»— ^r.  By  72  hours'  action  of  l\  pts.  oil  of  vitriol  on 
1  pt.  starch  =  C»H»0»,SO» .  BaO,SO».— A.  By  60  hom-s'  action  of 
2^  pts.  oil  of  vitriol  on  1  pt.  starch  =  C*«H«0»,SO».  BaO,SO».--i.  By 
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14  hoars*  action  of  li  pts.  oil  of  vitriol  on  1  pt.  starch  =  C^H'H)*, 
SO».BaO,SO«.    (Fehling.) 

Fehling. 

Dned  at  100". 

«.            ^.             c.  d,           e,  f,          g,          h,          f. 

C 22*28  25*25  28*19  29'82  31*62  33*61  31*68  35*27  35*2 

H    3-80        3*87        4-32  4*40  4*86  4*99       5*15       4*92  5*4 

O    —  29*42  30*73  33*41  35*38       —         —         —         — 

80» —  10*56        9.46  8-27        7'\%       —         —         —         — 

B«0,aO»....  35*30  35*90  27*30  2410  20*96  19*87  16*65  1717  151 

10000    100*00    100*00    100*00 

Sulphcmidonate  of  Xtm«.— By  saturating  the  solution  of  starch  in 
oil  of  vitriol  with  carbonate  of  ume,  and  evaporating  the  filtrate. 

a.  After  the  oil  of  vitriol  had  acted  for  some  time  on  the  starch 
zsi  C»H»H)»*,SO» .  CaO,SO».  2H0 ;  resembles  gum  arable.  (Blondeau  de 
CaroUes). — b.  After  a  mixture  of  1  pt.  starch  and  2  pts.  oil  of  vitriol 
had  been  immediately  diluted  with  water,  saturated  with  carbonate  of 
lime,  the  filtrate  evaporated  to  a  svrup,  and  precipitated  with  a  large 
quantity  of  alcohol,  and  the  resulting  viscid  precipitate  washed  with 
alcohol  and  dried  in  vacuo ;  c.  after  the  mixture  had  stood  for  24  hours ; 
d.  after  it  had  stood  for  7  days,  and  been  treated  like  b.  =  CH'H)*', 
CaO,SH)*  (Kalinowsky) ;  but  according  to  Gerhardt  (N,  J,  Fharm,  8, 
309),  C»*H"CaO^  2S0». 

Blondeau  de  Carollea.  ▼.  Kalinowsky. 


a,  b.  e.  d, 

at  30^—40*  m  vacuo.  Over  oil  qf  vitriol  m  vacuo. 

C 29-49  34*43  34.94  ....  33*78 

H 5-22  5*64  5*70  ....  5-88 

0 43*61  37*61  37*76  ....  42*79 

CaO 5*68  5*65  5*20  ....  4*75 

S0» 16*00  16*67  16*40  ....  1300 

100*00    100*00    100*00    ....  100*00 

SulphanUdonate  of  Lead. — Obtained  bv  immediately  saturating  the 
solution  of  starch  in  oil  of  vitriol  witn  carbonate  of  lead,  of  the 
composition  a  =  C»H»0»,SO».PbO,SO»,2HO ;  but  if  the  solution  is  left  for 
36  hours  before  saturation,  the  salt  has  the  composition  6=C^H'*0'*,S0*. 
PbO,SO',2HO.    (Blondeau  de  Carolles.) 

4 

Blondean  de  Canollef. 
a.  b. 

at  30""— 40*  tfi  vacuo. 

C 28*31     24*98 

H 500    4*48 

0 40*23     36-81 

PbO 15*40     14*11 

S0» 11*06    19-62 

100*00    10000 
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3.  Nitramidin. 

C"NH»0"  «  C»XH*0"? 

Braconnot  (1833).     Ann.  Chim.  Phja.  62,  290;  Pogg.  29,  176;  Amu 

Pharm.  7,  245 ;  abstr.  Schw.  68,  368. 
LiBBiG.    Ann.  Pharm.  7,  249. 
Fates.    N.  Ann.  Sc.  not.  Bot.  10,  161. 
Pelouze.     Compt.  rend.  7,  713;  J.  pr.  Chem,  16,  168.  —  Comp^  rend. 

23,  890 ;  J.  pr.  Chem.  40,  200. 
Gladstone.    Mem.  Chem.  Soc.  3,  412.  —  Pharm,  J.  Trans.  18,215. 
BouiJS- Ballot.    Scheik.  Ondergoek.  Utrecht,  No,  8  ;  J.  pr.  Chem.  31, 

309 ;  Ann.  Pharm.  45,  47. 
B^CHAHP.    N.  Ann.  Chim.  Phys.  46,  838 ;  abstr.  Compt.  rend.  41,  817 ; 

J.pr.  Chem.  68,  61. —  Further,  N*  Ann.  Chim.  Phys.  64,  811. 

Mtploihe  Starekt  Xyioidin,  Pyrocom,  Amidon  monanitri,  Fiomh  niiriqut, 
Fecule  motionitrigue. 

Discovered  and  named  by  Braoonnot  in  1S33;  examined  bj  Peloose  and  more 
recently  by  B^champ.  • 

Formation.  1.  By  the  action  of  strong  nitric  acid  of  sp.  c^,  1*52 
(or  of  red  faming  nitrio  acid :  Liebig^  Gladstone)^  on  starch  in  the  cold 
(Braconnot,  Pelouze).  Starch  is  likewise  converted  into  nitramidin  by  nitric  acid 
ofsp.  gr.  1 '4 14,  bat  not  by  weaker  acid.     (Gladstone.)  — Bechamp  has    shown 

that  there  are  two  modifications  of  nitramidin,  one  insoluble  or  nearly 
so  in  ether-alcohol,  acetone  and  wood-spirit ;  the  other  (isonitramidin) 
soluble  in  those  re-agents.  The  production  of  one  or  the  other  of 
these  modifications  depends  chiefly  on  the  temperature,  nitramidin 
being  produced  when  the  liquid  is  kept  cool ;  isonitramidin  when  the 
temperature  is  allowed  to  rise.  If  the  product  is  left  too  long  in 
contact  with  the  acid,  it  is  destroyed  and  converted  into  an  acid,  probably 

saccharic  acid.  This  effect  had  been  observed  by  Pelouze,  who  attributed  it  to 
the  presence  of  an  excess  of  nitric  acid ;  but  according  to  Bechamp,  an  excess  of  add 
has  no  influence  on  the  result,  unless  the  starch  is  very  dry,  and  the  acid  very  highly 
concentrated,  in  which  case  a  certain  quantity  of  binitramidin  is  produced,  -i—  2.    By 

the  action  of  strong  nitric  acid  on  glycogen.  (Pelouze,  Compt.  rend. 
44,  1321;  J,pr.  Chem.  73,  249.) 

A  product  agreeing  in  composition  and  properties  with  nitramidin 
is  formed  when  wood-shavings,  linen,  or  cotton  is  heated  with  strong 
nitric  add.  (Braconnot,  Payen.)  Strong  nitrio  acid  of  sp.  gr.  1*5 
dissolves  cotton  at  30*"  —  35°,  forming  a  thick  transparent  gum,  from 
which  water  throws  down  nitramidin.  (De  Vrij,  Compt.  rend.  24,  19.) 
The  identity  of  these  products  with  nitramidin  appears  doubtful.     (Kr.) 

Pr^l>aration.  Starch  is  dissolved  in  cold  concentrated  or  fuming 
nitric  acid,  the  gummy  solution  is  immediately  mixed  with  water,  and 
the  tenacious  transparent  precipitate  is  washed  with  water  and  well 
dried.  (Braconnot,  Bechamp.)  —  The  starch  should  be  quickly  and 
intimately  mixed  with  fuming  nitric  acid,  by  triturating  it  in  small 
portions  in  a  glass  mortar,  and  the  translucent  gelatinous  solution 
immediately  diluted  with  water,  whereby  coarse-grained  nitramidin  is 
produced.  (Ballot.)  —  %.  1  pt.  of  starch  dried  at  the  temperature  of 
the  air  (20°),  is  mixed  with  5  to  8  pts.  of  fuming  nitric  add,  by  tritu- 
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ration  in  a  thick  porcelain  mortar  (to  avoid  rise  of  temperature),  till 
it  is  reduced  to  a  perfectly  transparent  semifluid  mass  without  any 
trace  of  granules,  and  20  to  30  pts.  of  water  are  added  at  once,  the 
trituration  being  constantly  kept  up.  The  Qpmpound  then  separates 
in  the  form  of  a  curdy  precipitate,  easily  pulverized  under  water.  It 
is  washed  with  distilled  water,  and  dried  at  the  temperature  of  the  air  or 
in  a  hot-air  chamber.    (B^cbamp.) 

To  purify  this  product,  it  is  dissolved  in  a  cold  mixture  of  10  pts. 
glacial  acetic  acid  and  1  pt.  bihydrated  acetic  acid  [C^H^O^,2HO;  ip. 
gr.  1073];  the  solution  is  Altered,  distilled  water  gradually  added,  the 
viscous  mass  which  falls  to  the  bottom  is  separated  from  the  super- 
natant liquid  by  decantation,  and  a  larger  quantity  of  water  is  added ; 
a  pulverulent  precipitate  is  then  formed,  which  must  be  collected  on  a 
filter,  washed  and  dried,    (fiechamp.)  f 

Properties,  White  powder.  Coarse-grained  (Ballot) ;  sandy,  con- 
sisting of  tough  opaline  vesicles  (Reinsch,  N,  Bepert.  3,  181).  Taste- 
less. (Braconnot,  Liebig.)  Has  a  scarcely  perceptible  bitter  taste. 
(Heinsch.)  Neutral.  (Braconnot.)  Poisonous.  (Baker  Edwards,  Chem, 
Centr.  1849,  48.)  Rotatory  power  of  nitramidin  [a"|  =  156*96''  to  the 
right. 

CaleuiaHon  teeording  to  Btehamp.      Gladstone.     Bcmijs-  Petten- 

Laorent  and  B^bamp.  Ballot.  kofer. 

mean,  mtitn, 

12  C    72    ....    34-78    ....    3453    ....     30.97     ....    3702    ....    3676 

N   14     ....       6-76  5-53     ....       56.5 

14  O  112  ....  6412  52-63  ....  52*80 

C»NH»0"  ....  207  ....  10000  100-00  ....  100*00 

According  to  Pelonze  and  othera,  it  is  CMNH»0"  or  C»HH>«,NO»  i  according  to 
Laurent  {N,  Ann,  CHm,  Phy»,  19,  374^)  it  is  C»«XH»0»  or  C«X»HWO»  Ballot  con- 
eludes,  from  its  reaction  witli  alkalis  (vid,  tf|^.),  that  it  is  a  mixture  of  two  different 
sabstanoes. 

^  B6champ  has  shown  {N,  Ann,  Chim.  Phyt,  64,  316)  that  the  product  formed 
by  the  action  of  nitric  acid  on  starch  has,  for  the  most  part,  the  composition 
C^H>0^«  or  C^N'HiK)^,  but  that  when  the  starch  is  very  dry  and  a  large  excess  of 
add  is  used,  a  certain  quantity  of  binitramidin  may  likewise  be  formed  :  a,  5  grammes 
of  starch  dried  at  20**  (corresponding  to  4*5  grm.  dried  at  100^)  triturated  with  20  grra. 
of  nitric  acid  (obtained  by  distilling  1  at.  of  dry  nitrate  of  potash  with  rather  more  than. 
2  at  strong  sulphuric  acid)  yielded  a  product  weighing  5*76  grms. — h,  5  grms.  of  the 
same  starch,  triturated  with  50  grms.  of  the  same  nitric  add,  yielded  5*95  grms.  of 
product  dried  in  Tacuo, — e,  5  grms.  starch,  dried  at  100**  and  40  grms.  nitric  acid  yielded 
5'78  grms.  product  dried  in  vacuo. — d,  5  grms.  starch,  dried  at  20^  and  60  grms.  nitric 
add  yielded  5'7  grms.  product  dried  in  vacuo. — e,  5  grms.  starch,  dried  at  100°,  and 
60  grms.  nitrio  acid  yidded  7*24  grms.  product  dried  in  vacuo. — The  experiments 
a,  b,  e,  df  give,  as  a  mean  result,  125*7  pts.  of  nitramidin  for  100  pts.  of  starch, 
C^W^^o  or  C^H»0><>.  The  quantity  calculated  from  the  formula  Ci^H<!0io  or 
C^N'H^'O^  is  127*8.— In  the  last  experiment,  «,  the  increase  of  weight  is  much  more 
considerable,  probably  in  consequence  of  the  formation  of  a  more  highly  nitrated  com- 
pound. 

B^^mp  regards  nitramidin  and  the  three  compounds  next  to  be  described,  as  nitrates 
corresponding  in  constitution  to  the  nitric  ethers  (assigning  to  nitramidin,  for  example, 
the  formula  C"H'0^,NO),  and  not  as  products  analogous  to  nitrobenzene,  &c.  r 
1.  Because,  when  heated  with  redudng  agents — ferrous-acetate,  for  example, — they 
yield,  not  amidated  products,  in  which  NO*  is  replaced  by  NH*  [e.^.  aniline  C"H*(NH*) 
from  nitrobensene  C^H*(NO*)],  but  soluble  starch  (p.  102),  a  compound  free  from  nitro- 
gen ;  just  as  the  nitric  eUiers,  when  treated  in  like  manner,  reproduce  the  correspond- 
bg  idoohols. — 2.  Because,  when  they  are  dissolved  in  strong  sulphuric  add  and  the 
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solution  is  dilated  with  water  and  dbtilled,  aqueous  niMc  acid  passes  OTer,  not  aeoom- 
panied  by  red  vapours. —  3.  Because  the  optical  rotatorj  powers  of  these  compounds, 
as  determined  by  observation,  are  nearly  the  same  as  those  which  calculation  would 
assign  to  mixtures  of  an  active  molecule  of  hypothetically  anhydrous  starch  C^'H^O^ 
with  the  inactive  molecules  HOiNC  in  nitramidin  and  2N0^  in  binitramidln.  [For 
the  details  of  these  calculations  see  the  original  memoir  (N,  Ann,  Chim,  PAy#.  64, 

841.)].  ir. 

Decompositions.  1.  Spontaneo^ts  decomposition,  Nitramidin,  after 
being  kept  for  six  years,  suddenly  began  to  give  off  gases,  including 
hydrocyanic  acid,  and  after  a  few  weeks  left  a  smaU  quantity  of  a 

turbid  liquid.  (Gladstone.)  According  to  B^amp,  it  may  be  kept  without 
alteration  for  an  indefinite  time.  —  2.  Nitramidin  detonates  slightly  when 
heated  (Braconnot),  giving  off  a  smaU  quantity  of  nitrous  acid 
(Liebig),  not  by  pressure  or  percussion  (Pelouze).  When  heated  on 
paper,  it  does  not  melt,  but  becomes  carbonised,  without  setting  fire 
to  the  paper.  (Braconnot.)  It  takes  fire  at  180*"  (Pelouze),  at  182° 
(Gladstone). 

According  to  Bdchamp's  earlier  experiments,  it  takes  fire  between 
180°  and  190°,  leaving  a  large  quantity  pf  charcoal ;  according  to  his 
later  experiments,  it  begins  to  give  off  red  vapours  at  198°, 
when  heated  in  a  test-tube,  and  deflagrates  slowly  between  198°  and 
200°,  leaving  a  black  residue,  without  leaving  any  charcoal.  (Pelouze.) 
— Nitramidin  subjected  to  dry  distillation  gives  off  a  yellow  distillate 
containing  acetic  acid,  leaving  charcoal  amoimting  to  \  of  its  weight. 
(Braconnot,  Pelouze.) 

8.  Nitramidin  is  dissolved  by  nitric  add  of  sp.  gr.  1-25,  or  higher. 

The  solution  in  nitric  add  of  sp.  gr.  1*414  acquires  a  yellowish  red  colour,  and 
after  some  days  no  longer  deposits  xyloldin  on  addition  of  water,  but  contains  an 
acid  similar  to  saccharic  acid  (xi.  513),  which  is  likewise  formed  on  boiling  starch 
with  strong  nitric  acid,  and  u  easily  transformed  by  heat  into  a  black  acid,  which, 
when  boiled  with  nitric  acid,  is  conrerted  into  oxalic  acid,  without  eyolution  of 
carbonic  add.  (Pelouse,  Payen.)  —  Nitramidin  dissolved  in  fuming  nitric 
acid  separates  as  pyroxylin,  on  mixing  the  solution  with  an  equal 
volume  of  oil  of  vitriol.     (Cottereau,   Compt,  rend,  24,  305.)    HFrom 

B6champ's  experiments,  it  appears  probable  that  the  product  thus  obtained  is  not 
pyroxylin  but  binitramidin  (p  110)  %  With  oil  of  vitrioly  nitramidin  forms 
a  colourless  solution,  from  which  it  is  not  precipitated  by  water 
(Braconnot) ;  this  solution  easily  and  quickly  decolorises  solution  of 
indigo,  and  gives  off  nitrous  gas  when  treated  with  copper.  (Liebig.) 
—  5.  Nitramidin  treated  with  a  warm  aqueous  solution  of  protocklortde 
of  iron,  gives  off  nitrous  gas,  and  is  converted  into  soluble  starch. 
(Bechamp.) 

O'NH'O"  +  6FeCl  +  HO  «  Pe*Os  +  2Fc2Cl3  +  N0>  +  C«H»ooio. 

In  contact  with  ferrous  sulphate,  it  exhibits  the  coloration  character- 
istic of  nitrates.     (Cottereau,  Compt.  rend,  23,  1157.) 

6.  Nitramidin  is  not  dissolved  by  aqueous  alkalis  (Pelouze,  Be- 
champ) ;  becomes  translucent  and  glutinous  when  immersed  therein. 

(Braconnot.)  —  According  to  Ballot,  it  dissolves  partially.  The  portion  soluble  in 
weak  aqueous  alkalis  (not  in  ammonia)  contains,  after  precipitation  with  acetic  add 
and  washing  of  the  floccnl<^nt  precipitate  with  the  same  acid,  38*01  p.  c.  C.  and  4*94  H. 
(C"H*NO^);  the  insoluble  portion  which  sinks  to  the  bottom,  and,  after  careful 
washing,  appears  white  and  puWerulent,  contains  36*94  p-  c.  C.  and  4*51  H.  (C^H'NO^^. 
— Nitramidin  after  thorough  washing  with  alcohol>  and  then  with  weak  aqueous  potash, 
contains  37*32  p.  c.  C.  and  5*17  H.    (Ballot.) 
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Combmations.    Nitramidin   is    insoluble    in    water.      (Braconnot, 

Pelouze.)     It  softens  in  boUing  water.     (Braoonnot)     It  decolorises  alcoholic 

tincture  of  iodine,  forming  a  yellow  compound.     (Braconnot.) 

It  dissolves  in  strong  hydrochloric  acid,  especially  when  heated 

(Braconnot,  Gladstone),  with  rapid  decomposition  (Bechamp).    It  is 

nearly  insoluble  in  pure  glacial  acetic  acid,  but  dissolves  easily  in  that 

acid  mixed  with  -|^  of  the  bihydrated  acid,  C*H*0*,2H0.    (Bechamp, 

N.  Ann.  Chim.  Phys.  64,  820.)  When  moderately  heated  with  glacial  acetic 
acid,  it  ^stfolveti  to  a  thick  mncus,  which  coagulates  on  addition  of  water,  and  leases  a 
colourless  varnish  when  evaporated  (Braconnot).  Xyloldin  prepared  from  cotton 
separates,  when  precipitated  from  its  solution  in  acetic  acid,  as  a  coagulated  mass ; 
that  prepared  from  starch  separates  in  the  form  of  a  powder.     (De  Vrij.) 

^Nitramidin  is  insoluble  in  aqueous  ammonia.    (Braconnot,  Ballot.) 
It  does  not  dissolve  in  alcohol,   ether  (Braconnot,  Bechamp),  ok 
ether-alcohol  (Bechamp).    With  anhydrous  ether  it  forms  a  jelly  which 
dries  up  on  evaporation  to  a  white  opaque  film.  (Schonbein  ;  Bottger, 

Poffy*  70,  820.)  —  Xylo'idin  prepared  with  nitric  acid  dissolves  in  ether;  that  which 
is  prepared  with  a  mixture  of  nitric  and  sulphuric  acid,  dissolves  in  ether-alcohol. 
(Flores  Domonte  &  Menard,  Compt.  rend.  23,  86).     Nitramidin  is  insoluble  in 

chloroform,  acetic  ether  and  benzene,  slightly  soluble  in  wood-spirit.    In 

acetone  it  appears  to  soften,  but  does  not  dissolve.    (Bechamp.) 


f  4.  Isonitramidin. 

C»NH«0"  =s  C"XH»0"? 

Bjsohamp.    N.  Ann.  Chim.  Fhys.  64,  820. 

FScule  numofutrique  whtble,  F^cule  isomomonitrique 

Formation  and  Preparation.  The  same  as  for  nitramidin  (Bechamp), 
excepting  that  the  nitric  add  must  be  present  in  greater  excess,  and 
the  temperature  allowed  to  rise.  Starch  triturated  with  10  or  12 
times  its  weight  of  fuming  nitric  acid  in  a  rather  thick  glass  vessel,  so 
that  the  heat  developed  by  the  reaction  may  not  be  too  quickly  dissi- 
pated, is  converted  in  six  or  eight  minutes  into  a  yellow,  slightly 
viscid,  perfectly  transparent  liquid,  which,  when  poured  into  30  times 
its  volume  of  water,  yields  a  precipitate  less  curdy  and  more  pulveru- 
lent than  nitramidin  precipitated  in  like  manner.  It  is  punfied  by 
dissolving  it  in  eiher-alcohol,  filtering,  and  leaving  the  ether  to  evapo- 
rate. It  is  then  deposited  as  a  pulverulent  mass,  which  may  be  dried  in 
a  hot-air  chamber. 

Properties.  White  powder.  Rotatory  power  (determined  on  the 
acetic  add  solution),  [a]  =  156*96°  to  the  right. 
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N 
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Bechamp. 

72 

••••      «j4  /o      ••• 

35-46 

14 

676     ... 

671 

9 

■  •••                  B    V  «            ••• 

4*44 

112 

....     54-12     ... 

53-39 

C»2NH»0"     ....  207     ....  100-00    10000 

Respecting  the  rational  constitution,  see  page  107. 
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Decompositions.    At  ordinary  temperatures  it  may  be  preserved 

indefinitely  without  alteration.  A  sample  prepared  in  1854  has  been  preserved 
unaltered  np  to  the  present  time  (sammer  of  1859),  in  the  climate  of  Montpellier. 

Heated  in  a  tube,  it  begins  to  give  off  red  vapours  at  170^^  and 
deflagrates  at  about  172'',  leaving  a  small  quantity  of  white  matter. 
By  protochloride  of  iron^  it  is  decomposed  in  the  same  manner  as 
nitramidin,  yielding  soluble  starch,    (p.  108.) 

Combinations.  Insoluble  in  tvcUer.  More  soluble  than  the  preceding 
in  glacial  acetic  acid.  In  alcohol  of  95  per  cent.,  and  in  ether  it  does  not 
dissolve,  but  merely  softens ;  but  in  a  mixture  of  ether  and  alcohol  con- 
taining excess  of  the  former  it  dissolves  with  great  facility.  Slightly 
soluble  in  nearly  absolute  alcohol ;  insoluble  in  chloroform ;  easily  smuble 
in  acetone^  acetic  ether,  and  m^thylic  alcohol.  The  solubility  of  the  compound  in 
certain  menstrua  appears  to  vary  with  the  temperature  at  which  it  is  prepared  j  the 
product  to  which  the  preceding  statements  apply  was  prepared  at  20"* ;  but  another  pro- 
duct prepared  at  34^  with  1  pt.  of  starch  dried  at  that  temperature  and  10  pts.  of 
fbming  nitric  acid,  dissolved  easily  in  alcohol  of  95  per  cent. 


V  5.  Binitramidin. 

C"N»II*0"  =  C"5?H«0^«? 

Bi^CHAMP.     N.  Ann.  Chim.  Phys.  64,  822. 
Dinitratniditif  Nitroxyloldin,  FScuU  dinitrigue. 

Formation.  1.  By  the  action  of  oil  of  vitriol  on  the  mononitrated 
compounds  isobinitramidin  being  formed  at  the  same  time. —  2.  Occa- 
sionally together  with  nitramidin,  by  treating  dry  starch  with  excess 
of  nitric  add  (see  experiment  e.  p.  107). 

Preparation.  1  pt.  of  starch  dried  at  20*  is  dissolved  in  12  pts.  of 
fuming  nitric  acid,  and  the  solution,  filtered  if  necessary  through 
pounded  glass,  is  placed  in  a  freezing  mixture  and  quickly  mixed  with 
8  pts.  oil  of  vitriol,  whereupon  the  mixture  soon  becomes  turbid  and 
deposits  a  soft  white,  very  bulky  mass  The  whole  is  then  quickly 
poured  into  a  large  quantity  of  cold  water,  care  being  taken  to  divide 
the  solid  mass  and  mix  it  up  well,  so  as  to  avoid  any  great  rise  of  tem- 
perature in  particular  parts.  The  product,  which  is  a  white  powder 
resembling  nitramidin,  but  more  finely  divided,  is  freed  from  sulphuric 
acid  by  washing  with  a  large  quantity  of  water,  then  dried  in  the  hot- 
air  chamber. 

The  product  is  chiefly  a  mixture  of  binitramidin  and  isobinitramidin 
mixed,  however,  with  small  quantities  of  the  mononitrated  compoimds. 

—  Two  eiperimenlB  gave  147  and  150  pts.  of  dried  product  from  100  pts.  of  starch ; 
according  to  the  formula  C^-N^H^O**  it  should  be  155'6.  —  To  Separate   the  tWO 

binitrated  compounds,  the  dried  powder  is  treated  with  alcohol  of  96 
p.  c.  first  in  the  cold,  then  at  40^  which  dissolves  the  isobinitramidin 
and  leaves  the  binitramidin.    The  latter,  after  washing  with  alcohol,  is 
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dissolved  in  ether  containing  alcohol,  and  the  filtered  solution  is  eva- 
porated, either  in  the  open  air,  or  in  an  air-hath  heated  to  25°  or  80°. 
Properties.    White  mass  easily  pulverized. 

Bechamp. 

12  C 72  ....  28-57     ....     277       2»-6 

2N 28  ....  1711 

8H 8  ....  3-17     ....    3-47 

18  O 144  ....  5115 

C^NSHSQW  252     ....  100*00 

According  to  B6champ,  the  rational  formula  ia  C"HK)",2N0*. 

Decompositionsy  1.  Binitramidin  is  much  more  disposed  to  8pon» 
taneotis  decomposition  than  mononitramidin,  giving  off  red  fumes  a 
few  days  after  its  preparation. —  2.  When  heated  in  a  test-tuhe,  it 
begins  to  give  off  red  vapours  at  175°,  emits  them  in  abundance  be- 
tween 175°  and  178",  and  deflagrates  rapidly  with  a  hissing  noise  at 
the  last-mentioned  temperature,  leaving  only  a  small  quantity  of  white 
matter. —  3.  Mixed  with  pounded  glass  and  subjected  to  dry  distillation 
in  a  combustion-tube  connected  with  a  cooled  U-tube,  it  gives  off :  a. 
A  gaseous  mixture  containing  at  different  stages  of  the  distillation 
from  61  to  42  p.  c.  nitric  oxide,  from  1 1  to  23  p.  c.  carbonic  acid,  from 
29  to  27  p.  c.  carbonic  oxide,  a  small  quantity  of  nitrogen,  and  at  the 
commencement  of  the  distillation  hydrocyanic  acid,  the  disengagement 
of  which  however  ceases  at  an  early  stage;  —ft.  An  acid  hquid, 
which  has  a  disagreeable  odour  of  tobacco-smoke,  and  quickly  reduces 
nitrate  of  silver,  especially  with  the  aid  of  heat;  — c.  Charcoal,  which 
forms  a  shining  deposit  on  the  inner  surface  of  the  tube. — 4. 
Binitramidin  is  reduced  by  ferrous  salts  in  the  same  manner  as 
nitramidin,  yielding  soluble  starch : 

C^N^HSOW  +  l2FcCl  +  2H0  «  2Fe20»  +  4Fc2CP  +  2N03  +  C"HWO*» 

Combinations.  Insoluble  in  waier^  and  in  alcohol^  but  soluble  in  pure 
ether  and  in  alcoholised  ether.  Soluble  in  glacial  acetic  acid,  but  insoluble 
in  a  mixture  of  the  glacial  acid  and  the  bihydrated  acid,  being  in  this 
resixjct  exactly  opposite  to  monitramidin  (p.  109).  Soluble  in  acetone, 
acetic-ether,  and  woodspint :  insoluble  in  chloroform,  hydrosulphuric  ether ^ 
and  methylic  alcohol. 


V  6.  Isobinitramidin. 

Bechamp.     N.  Ann.  Chim.  Phys.  64,  322. 
Isodiniiramidin,  P6cule  isodinitrique. 

This  compound  is  produced,  together  with  binitramidin,  by  thd 
process  described  at  page  110,  and  is  separated  from  the  latter  by  alco- 
hol of  96  p.  c.  which  dissolves  it.  On  mixing  the  alcoholic  filtrate 
with  water,  the  compound  separates  as  a  very  fine  white  powder, 
which  agglomerates  auring  desiccation,  and  then  becomes  strongly 
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electric  by  trituration.    If  the  alcohol  be  evaporated  by  heat,  the  iso« 
binitramidin  separates  in  transparent  laminae. 
Eotatory  power,    [a]  =  131'5°. 

B^luunp. 

12  C  72  ....  28*57     30-40 

2N 28  ....  1111     10*72 

8  H 8  ....  317    3-25 

18  O 144  ....  57-15     55-63 

CUN'HH)"    ....  252    ....  10000    10000 

C"U80»,2NO*  Moordiiig  to  B^champ  (p.  108). 

Decompositions.  1.  Isobinitramidiu  is  even  more  subject  than  bini- 
tramidin to  spontan&ms  decomposition,  —  2.  Heated  in  a  test-tube,  it 
begins  to  give  off  red  fumes  at  170^,  and  deflagrates  like  the  preceding 
compounds  at  172°,  leaving  only  a  small  quantity  of  white  matter. 
—  3.  By  protochloride  of  irony  it  is  reduced  like  the  preceding  com- 
pounds, yielding  soluble  starch. 

Combinationa.  Insoluble  in  tDoterj  soluble  in  alcohol  of  96  p.  c. ; 
dissolves  with  difficulty  in  ether,  but  easily  in  a  mixture  of  ether  and 
alcohol.  With  acetic  acid,  acetone^  acetic  ether,  chloroform,  methyUc 
alcohol,  amyUc  alcohol,  and  hydrosidphuric  ether,  it  behaves  like  bini- 
tramidin. _  (Bechamp)  f . 


Inulin. 

C»ff«0"  or  C»*H«0«». 

Valentin  Rose  (1804).    A.  Gehl.  3,  217. 

John.     Chemische  Schriften,  4,  73. 

Oaultier  i>e  Claubrt.    Ann.  Chim.  94, 200. 

Paten.    J.  Pharm.  9,  2SS.— Ann.  Chim.  Phya.  26,  102 ;  Repert.  18,  53  ; 

Ann.  Sc.  nat.  Bot.  1840,  91. 
Straukgh.    JUpert.  21,  418. 

Mcldeb.     Ann.  Pharm.  28,  278;  J.pr.  Chem.  15,299. 
Parnell.    JEd.  Mag.  J.  17,  126;  Ann.  Pluxrm.  89,  218;  J.pr.  Chem. 

26,  140. 
Croockwit.     Ann.  Pharm.  45, 184;  abstr.  J.pr.  Chem.  28,  316. 
Woskresensky.    Petersb.  Acad.  Bull.  5,  No.  3 ;  J.  pr.  Chem.  37,  309. 
BoucHARDAT.     Compt.  rend.  25,  274 ;  abstr.  Pharm.  Centr.  1847,  782. 
Th.  Anderson.     N.  Ed.  Phil.  J.  7,  136 ;  J.  pr.  Chem.  47,  449. 
Thibault.    N.  J.  Pharm.  25,  205 ;  J.  pr.  Chem.  G2, 253 ;  Pharm.  Centr. 

1854,  836. 
DuBRUNPAUT.    Compt.  rend.  42,   803;   J.  pr.   Chem.   69,   208;    Inst. 

1856,  174. 

Htf^enm  ( John) ;  Alantin,  Menyanthin  (Trommsdorff);  Ikihlin  (Pajen) ;,  Synan^ 
iherin  Sinisirin  (Marqnart,  Ann.  Pharm,  10,  92.) — Braconnot's  DatUein  was  formerly 
erroneooaly  regarded  m  inulixL—  Discovered  by  Val.  Rose  in  1804. 

Sources,     According  to   Mulder  and  Woskresensky,  innlin  is  a 
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universally  distributed  constituent  of  plants,  and  is  found  especially 
in  the  roots  of  Inula  HeUnium  (Rose),  Angelica  ArchangeUca  (not  in  this 
root,  according  to  Buchhoh  tnd  Buchner),  Anthemis  Pyrethrum  (John),  Colchicum 
autumnale  (Pelletier  &  Caventou),  Leontodon  taraxacum  (Mulder,  Iler- 
berger.  Expert.  52,  399 ;  Frickinger,  Repert.  73,  45),  Cichorium  intyhus 
(Wostaresensky) ;  in  the  tubers  of  DahUa  pinnata  (not  in  spring,  according  to 
Woskresensky),  (Payen),  Htlianthus  tuberosus  (Braconnot) ;  in  the  stalks 
of  Solanum  Dulcamara^  in  spring,  not  in  autumn  (Jonas,  N.  Br.  Arch. 
42,  130):  in  the  buck-bean,  Jfen^an^^  <ri/bZta<a(Trommsdorfi);  in  morel 
(a  kind  of  fungus)  Beltz ;  in  Lerp-manna  (from  Eucalyptus  dumosa)  to 
the  amount  of  1 3*8  per  cent.  (Anderson.)  — Lichen  fraonneus  and  Lichen 
fastigiatua  contain,  according  to  Berzelius,  mulin,  lichenin,  or  a  substance 
of  similar  character.  —  The  seeds  of  Helianthus  annuus  contain  a  non- 
fermentable  substance,  insoluble  in  cold  water  and  in  alcohol,  which, 
after  boiling  with  dilute  acids,  reduces  copper  from  an  alkaline  solution, 
probably  inulin. 

Prq>aration.  A.  From  Ekcampane-roota.  —  The  roots  are  boiled 
with  a  large  quantity  of  water,  the  decoction  is  evaporated,  the 
extract  exhausted  with  cold  water,  and  the  inulin  which  remains  un- 
dissolved is  washed.  (Gaultier,  Stratingh.)  —  The  roots  are  exhausted 
with  hot  water  in  a  displacement  apparatus;  the  concentrated 
infusion  is  evaporated  to  10  or  12""  Bm.  and  mixed  with  2  pts.  alcohol, 
and  the  inulin  thereby  precipitated  is  purified  by  reprecipitation  with 
alcohol  from  its  concentrated  solution,  and  decolorised  with  animal  char 
coal.  (Thibault.)  —  Kohnke  (N.  Br.  Arch.  39,  289)  boils  elecampane- 
roots- (previously  exhausted  with  alcohol)  with  water;  evaporates  the 
filtered  extract  to  ^  or  ^ ;  mixes  it  with  alcohol  till  it  becomes  turbid ; 
collects  the  pale  yellow  inulin  which  separates  after  several  days ; 
and  purifies  it  by  dissolving  it  in  hot  water,  and  washing  the  inulin 
whicn  separates  on  cooling  with  warm  alcohol.  —  The  helenin  mixed 
with  inulin  prepared  from  elecampane-roots  is  extracted  by  boiling 
with  alcohol.    (Oroockwit.) 

B.  From  Potatoes  or  Dahlia-tubers.  —  1.  The  pulverulent  deposit 
which  separates  in  the  cold  from  the  expressed  juice  of  potatoes  is  dis- 
solved in  hot  water,  and  the  solution  is  filtered,  evaporated  and  left  to 
cool,  whereupon  it  deposits  inulin.  (Braconnot.)  —  2.  The  nearly 
transparent  juice  expressed  from  dahlia- tubers  is  left  to  stand  for  some 
hours,  whereupon  it  solidifies,  from  separation  of  inulin,  to  a  stiff 
paste,  which  is  to  be  washed  and  dried.  (Ludwig,  N,  Br.  Arch.  82, 
163.)  —  8.  Dahlia-tubers  rubbed  to  a  pulp  are  washed  on  a  hair  sieve 
in  a  thin  stream  of  water,  as  long  as  the  liquid  continues  to  run 
through  milky,  and  the  inulin  which  separates  from  it  on  standing,  is 
collected — or  in  case  it  is  slow  in  settung  down,  the  turbid  li(|uid  is 
heated  till  it  boils;  the  coagulated  vegetable  albumin  is  skunmed 
off ;  and  the  remaining  Hquid  is  left  te  cool ;  it  then,  after  a  few  days, 
deposits  a  thick  pulp  easy  to  wash.     (Liebig,  Ann.  Pharm.  2,  235.) — 

Roots  of  Dahlia  pinnata  treated  in  this  manner  do  not  yield  any  inulin ;  but  this  sub- 
stance settles  down  as  a  white  powder  when  the  aqueous  extract  of  the  frevh  tubers^ 
cut  in  slices,  dried  and  pulverized,  is  eraporated,  and  the  extract  diluted  with  water. 

iWitutein,  Keperi.  71,  862.)  — 4.  Dahlia-tubers  rubbed  to  a  pulp  are 
washed  with  cold  water  on  a  hnen  or  woollen  cloth ;  the  residue  is 
boiled  for  half-an-hour  with  2  pte.  water  and  a  small  quantity  of  chalk; 
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tbe  liquid  is  expressed,  the  extract,  after  beiag  decolorised  with 
animal  charcoal  and  clarified  with  albumin,  is  evaporated  till  a  film 
forms  on  it,  and  the  inulin  which  separates  on  cooling  is  washed 
with  cold  water,  and  purified  by  solution  in  hot  water  and  cooling. 
(Payen.) 

Pamell  uses  peeled  and  washed  dahlia-tubers ;  boils  them  for  an 
hour  and  a-half  with  5  pts.  of  water,  and  purifies  the  inulin  which 
separates  from  the  evaporated  extract,  by  precipitating  its  aqueous 
solution  with  alcohol.  Croockwit  purifies  the  inulin  thus  obtained  by 
boiling  it  with  alcohol. 

Tbe  imdin  eontalned  in  dahlia«taberfl,  and  separable  wttbovt  alteration  hf  Liebig'a 
metbod,  is  called  by  Marquart  (Ann,  Pharm,  10,  02),  Synantherm;  wbile  tbat  .wbicb 
is  extracted  from  fbe  same  source  hj  bot  water,  be  calls  Sinittrin,  Tbe  first  forms 
szoall  spberales  wbose  enyelopes  are  torn  by  the  action  of  bot  water,  tbeir  contents,  the 
sinistrin,  then  escaping  wbile  tbe  enTelopes  remain.  Innlin  separated  by  cold  water  is 
therefore  synantherin,  as  it  occurs  in  nature ;  but  that  which  is  obtained  with  hot  water 
is  altered  synantherin,  or  sinistrin. 

C.  IVom  Dandelion-roota. — Obtained  in  the  same  way  as  from 
dahlia-tubers.  (Wittstein,  R^^.  71,  862;  Herberger,  Bipert. 
52,  899.) 

D.  From  CTUcory-roota.  *—  The  aqueous  decoction  is  precipitated  by 
neutral  acetate  of  lead ;  the  filtrate  freed  from  lead  is  evaporated  till 
a  film  forms  on  the  surface ;  and  the  inulin  which  separates  from  it  is 
purified  by  precipitating  its  aqueous  solution  with  alcohol.  (Wosk- 
resensky.) 

E.  From  Lerp-manna.  —  The  substance  is  exhausted  with  boiling 
alcohol ;  the  residue  consisting  of  starch,  cellulose  and  inulin  is  well 
boiled  with  water,  and  the  inulin,  which  separates  from  the  filtered 
extract  on  cooling,  is  collected  and  washed  till  the  wash-water  no 
longer  exhibits  the  reactions  of  starch.    (Anderson.) 

Propertiea.  Soft,  white  powder,  resembling  starch  (Woskresensky, 
Dubrunfaut),  consisting  of  microscropic  granules  similar  in  form  to 
starch-grranules,  but  only  \  of  the  size.  (Baumann.)  When  dried  on 
glass  or  porcelain,  it  forms  a  translucent,  brittle,  dazzling  white  mass, 
which  swells  up  in  water.  (Liebig.)  Very  friable.  (Pamell.) 
Homy ;  but  dull  white  if  alcohol  has  b^n  ^ded  to  it  before  drying 

(Payen) ;  gummy  (Pamell,  Dubrunfaut).  Marqnart's  synantherin  is  a  Light 
brown,  transluoent,  homy  mass;  his  sinistrin  a  white,  almost  transparent,  homy 
msss— Bp.  gr.  1-356  (Payen);  1*462  (Dubrunfaut).  —  Sticks  to  the 
teeth  and  to  moist  paper.  —  Very  hygroscopic.  (Dubrunfaut.)  — 
Tasteless.  (Pamell.)  Inodorous.  —  Rotatory  power  =  34®  42'  to  the 
left.    (Dubmnfaut.) 

Payen.  Mulder.  FamelL 

a/150«       aM70«       a/ 120*       at  IZO^    air^dried. 
abode 

.    44-13  ....    43-80  ....    43-37 

6.19  ....       6-20  ....       6*40 

..     49-68  ....    5000  ....     50*23 


24  C 

20  H 

20^0 

144  ....     44-44  ....     44-55  ....     44-19 

20  ....      6*17  ....       6*12  ....      6-17 

160  ....    49*39  ....     49-38  ....    49-64 

C»«H»0». 

224  ....  100-00  ....  10000  ....  100*00 

10000  ....  100-00  ....  100*00 
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Croockwit.  Woskresenflkjr.           AndenoD.      Dnbranfaat. 

ai  1 20**  —  1 60»  at  1 00°  —  1 20°  a/  1 50»  at  1 00" 

f                ff  A                  i  k  I 

C 43*37  »...     43-48  _     5218....     4959  4403  4432 

H «-23  ....       6-25  ....       6-86  ....       6-86  6*30  6-19 

0 60*40  ....     50-27  ....     40*96  ....     43*fi5  49*67  49*49 


100*00  ....  100*00  ....  10000  ....  10000  10000  10000 

a  Normal;  b  solnbU intilin  from  Tceland  moM;  e  from  dandelion-,  d  from  elecam- 
pane-root; t^fvoAg  from  dahlia-tabera;  A  from  cbioory*rooti  i  t  from  dandelion-roots, 
partially  oxidised ;  k  from  Lerp-manna. 

Corresponds  to  the  formula  C^U»0^  (Payen,  Mulder,  Dubmnfant);  C>*R^O*i 
(Pamell^ ;  C?*H*0"  (Woskresensky) ;  tbat  prepared  from  dahlia-tubers  corresponds 
to  the  formula  C»«H«0«;  from  elecampane  roots,  to  C«*H»0».4H0  (Croookwit). 
The  composition  of  inulin  raries  with  its  origin  and  mode  of  preparation  (Croockwit), 
because  it  is  oxidised  by  the  joint  action  of  heat  and  water  (Woskresensky) ;  it  is  always 
the  same.     (Dabrunfaut.) 

DecampontioM.  1.  Inulin  dried  at  100''  does  not  lose  weight  at 
180°,  but  towards  190°  it  turns  yellow,  and  melts  with  stight  loss  of 
weight  and  some  decomposition.  (Dubrunfaut.)*-It  melts  at  a 
temperature  somewhat  above  100°  (Braconnot);  at  168°,  with 
colouring  and  loss  of  weight,  and  becomes  insoluble  in  water  'and  in 
alcohol  (Payen) ;  forms  a  sweet  mass,  easily  soluble  in  water  (Bra- 
connot). —  When  fused  at  a  gentle  heat,  it  gives  off  water,  and,  after 
cooling,  forms  grey  scales,  which  may  be  rubbed  to  a  white  powder. 
(Gs^ultier.) — 2.  In  the  open  fire^  it  melts  and  volatilises  in  white 
pungent  vapours  smelling  like  burnt  sugar,  and  leaves  a  small  quantity 
of  charcoal  (only  if  it  contains  gum,  according  to  Braconnot) ;  at  a 
stronger  heat,  it  bums  with  a  light  blue  flame.  (  V .  Rose.)  -^  3.  By  distil- 
laiion  it  yields  brovn  empyreumatic  acetic  acid,  but  no  free  empyreumatic 
oil.    (Rose,  Braconnot.) 

4.  When  heated  with  water  to  100°,  it  is  slowly  but  completely 
converted  into  non-crystailisable  (Dubrunfaut),  liBvo-rotatory  (Bou- 
chardat),  fermentable  sugar  (Croockwit).  —  The  transformation  takes 
place  after  16  hours'  boiung  (Croockwit) ;  after  1^  hours'  di^stion  of 
mulin  with  water,  the  filtrate,  which  gives  but  a  shght  precipitate  with 
strong  alcohol,  leaves  sweet  gum  when  evaporated.  (Woskresensky). 
It  is  not  altered  by  prolonged  boiling  with  water  (Braconnot) ;  by  re- 
peated boiling  with  water  it  becomes  gummy  (John);  somewhat  soluble 
in  water  and  alcohol  (Payen). 

5.  By  boiling  with  nitric  acid,  inulin  is  converted  into  malic,  oxalic, 
and  acetic  acids,  not  into  mucic  acid.  —  Its  solution  in  fuming  nitric 
acid  is  not  precipitated  by  water.  (Croockwit.)  —  6.  Bj  oil  of  vitriol, 
it  is  turned  yellow,  then  brown,  and  is  ultimately  carbonised.  (Paven.) 
—  Inulin  boiled  for  12  hours  with  -J^  pt.  oil  of  vitriol  and  a  large 
quantity  of  water,  yields  a  smaU  (quantity  of  bitter-tasting  sugar 
(Gaultier),  digested  with  ,'^  oil  of  vitnol  and  a  large  quantity  of  water 
at  75°,  it  yields  uncrystallisable,  fermentable  sugar,  soluble  in  alcohol 
of  sp.  gr.  0*823,  and  sweeter  than  starch-sagar ;  with  dilute  phos- 
phoric acid,  a  still  sweeter  sugar  is  obtained ;  with  ^  acetic  acid,  a 
sugar  of  inferior  sweetness,    p^ayen.) 

JMute  acith  convert  inulin  into  sugar,  both  in  the  cold  and  when 
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heated  (Payen,  Braconnot,  Dubnmfaut,  Bouchardat);  the  trans- 
formation is  not  attended  either  with  evolution  or  with  absorption  of 
gas. 

7.  Aqueous  ca^semc  acid  dissolves  inulin  with  aid  of  heat;  after 
continued  action,  the  cooled  solution  no  longer  deposits  inulin,  and 
leaves  on  evaporation  a  rose-coloured  mass,  which  afterwards  be- 
comes darker  and  finally  black,  grape-sugar  being  first  formed,  then 
humic  and  formic  acids.    (Baumann,  N.  Br,  Arch,  87,  264.) 

4,  Oxide  of  lead  converts  inulin  wholly  or  partially  into  glucic  acid, 
which,  if  afterwards  exposed  to  the  air,  changes  into  apoglucic  acid. 
A  warm  aqueous  solution  of  inulin  reduces  other  salts  of  lead,  copper, 
and  silver.  If  an  ammoniacal  solution  of  lead  is  precipitated  by 
aqueous  inulin,  the  filtrate  separated  from  the  white  precipitate  de- 
posits spangles  of  lead  after  a  few  hours,  and  contains  formic  acid. 
(Croockwit.) 

9.  Inulin  is  not /erm^n^oJZe.  (Bouchardat.)  —  Neithier  the  aqueous 
solution  nor  inulin  suspended  in  water  ferments  in  contact  with  yeast, 
or  with  tartaric  add  and  yeast.    (Dubrunf  aut.)  —  inulin   suspended  in 

water  together  with  yeast  ferments  like  sugar,  but  much  more  slowly,  giving  off 
carbonic  acid,  alcohol,  and  a  small  quantity  of  ammonia  (Payen),  but  only  if  it  has  been 
previously  converted  into  sugar  by  the  action  of  unwashed  sour  yeast.     (Bouchardat.5 

10.  Diastase  alters  neither  the  rotatoiy  power  nor  the  other  pro- 
perties of  inulin.  (Payen.)  —  Inulin  is  digested  in  the  stomach,  and 
does  not  pass,  as  inulin,  either  into  the  urine  or  into  the  faaces. 
(Bouchardat.) 

Comhinatians.  With  Water,  —  A.  Hydrated  Inulin,  —  Gummy  inulin 
immersed  in  water  swells  up,  absorbs  water,  and  crumbles  to  dull- 
looking  granules  of  -^-^  millimetre  diameter,  which  do  not  exhibit  the 
double  refraction  of  starch.  —  Inulin  kept  in  moist  au:  at  10**  acquires 
a  specific  gravity  of  1'361 ;  gives  off  11*25  p.  c.  water  in  dry  air  at 
10°,  and  4*75  p.  c.  more  at  100°.  (Dubnmfaut.)  —  Inulin  which  has 
been  dried  in  the  hot-air  chamber  absorbs  water  and  becomes  opaque 
on  being  immersed  in  water.  (Payen.)  —  Rotatory  power  =  26*16°  to 
the  left  (Bouchardat) ;  29*46°  (Dubrunfaut.) 

Dubronfant. 

C«H«0»  324     ....     8572 

2  HO 18     ....       4-76     475 

4  HO 36     ....       9-52     11-25 


C«H»0»6H0 378     ....  100*00 


B.  Aqueous  Inulin. — Inulin  is  insoluble  in  cold  water  (Rose); 
nearly  insoluble  (Braconnot) ;  slightly  soluble  (Pamell) ;  soluble  in  500 
pts.  water  at  0°  (Paven);  in  200  pts.  at  10°  (Dubrunfaut),  in  240  pts. 
between  12°  and  18  (Biltz),  in  50  pts.  at  mean  temperature  (although 
vegetable  sap  contains  about  12  p.  c.  of  the  soluble  modification,  which 
changes  into  insoluble  inulin  only  on  standing).  (Bouchardat.)  It 
dissolves  in  ^  to  ^  pt.  water  at  60°  (Gaultier),  abundantly  in  water 
at  66°  (Dubrunfaut),  easily  in  hot  water  (Pamell). 

A  hot  aaueous  10  per  cent,  solution  of  inulin  does  not  deposit  any 
thing  on  cooling,  but  after  standing  for  12  to  24  hours,  it  deposits  such  a 
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quantity  of  inulin,  that  from  4  to  5  p.  c,  still  remains  in  solution,  and  sepa- 
rates but  imperfectly  after  a  very  long  time,  probably  in  consequence 
of  a  molecular  alteration  of  the  inulin.  (Dubrunf aut.)  —  The  aqueous 
solution  of  inulin  is  transparent ;  gummy  if  it  contams  1  pt.  inulin  to 
I  pt.  water,  but  not  pasty  (Gaultier) ;  the  solution  of  1  pt.  inulin  in 
4  pts.  water  is  less  gummy  than  an  equally  strong  solution  of  gum- 
arabic  ;  it  mav  be  filtered,  does  not  froth  when  agitated,  but  if  cooled 
deposits  nearly  all  the  imilin  in  the  crystalline  form  after  a  few  hours 
(Rose) ;  after  48  hours  it  solidifies  to  a  white,  opaque,  curdy  mass, 
which  cannot  be  poured  out.  (Braconnot.)  A  solution  of  1  pt.  inulin 
in  17  pts.  water  at  15°  does  not  deposit  any  thing  after  48  hours. 
(Payen,  John.)  —  A  concentrated  solution  of  inulin  in  boiling  water 
deposits  transparent  inulin  on  cooling,  sometimes  in  crystalline  ag- 
gregates; the  solution  saturated  at  175°  deposits  on  cooling  aggre- 
gates of  spherules  and  plates.  (Payen.)  — A  concentrated  solution  of 
inulin  becomes  covered  with  a  film  on  evaporation,  and  solidifies  to 
a  granular  mass  on  cooling.     (Payen.) 

2.  With  iodiney  inulin  obtained  from  elecampane-root  forms  a 
greenish  yellow  compound  which  in  time  loses  nearly  all  its  iodine, 
becoming  pale  yellow,  and  is  decomposed  by  boiling  water.  (Gaultier.) 
—  3.  Chlorine  does  not  precipitate  aqueous  inulin.  (Payen.)  — 
4.  InuHn  dissolves  with  brown  colour  in  oU  of  vitriol ;  the  solution  is 
precipitated  by  ammonia,  not  by  water  or  alcohol.  (Gaultier.) —  6.  It 
is  not  soluble  in  hydrochloric  acid  (Gaultier)  ;  dissolves  in  dilute  hydro- 
chloric acid  (Biltz).  For  the  decompondon  of  innlia  by  dUate  and  oopcentrattd 
acids,  see  page  115. 

With  Bases. —  Inulin  absorbs  3*29  p.  c.  ammonia.  (Mulder.) — It 
dissolves  in  cold  aqueous  potash^  forming  a  colourless  solution  which 
leaves,  on  evaporation,  a  nearly  colourless  gum,  and  when  mixed  with 
acids  deposits  after  a  while  unaltered  inulin. 

/nuZm-ftoryf a.— Produced  by  adding  hydrate  of  baryta  or  chloride 
of  barium  mixed  with  potash  to  an  aqueous  solution  of  inulin.  White 
curdy  flocks,  which  gradually  cake  into  a  soft  viscid  mass.  The  warm 
aqueous  solution,  when  left  to  evaporate,  becomes  covered  with  yel- 
low crystalline  fibres.  By  repeated  solution  in  water  and  evaporation 
of  the  solution,  the  compound  deposits  carbonate  of  baryta  and  becomes 
soluble  in  cold  water.  (Payen.)  —  Inulin-baryta  dissolves  easily  in 
nitric,  with  difSculty  in  hydrochloric  acid  (Gaultier) ;  also  in  glacial 
acetic  add,  and  in  excess  of  aqueous  inulin.     (Payen.)  < 

Aqueous-inulin  does  not  precipitate  strontia-water^  Hme-tvater,  alumi- 
nate  of  potash^  or  silicate  of  potash,    (Gaultier.) 

InuUnunth  Lead-oxide. —  Aqueous  inulin  added  to  aqueous  neutral 
acetate  of  lead  mixed  with  ammonia,  throws  down  a  bulky  compound 
(flocculent  according  to  Croockwit)  of  inulin  and  oxide  of  lead  (Parnell), 
which  must  be  pressed  in  air  free  from  carbonic  acid,  and  dned,  first 
over  oil  of  vitriol  and  sticks  of  potash,  then  for  some  hours  at  100° 
(Croockwit.)  —  Aqueous  inulin  does  not  precipitate  aqueous  acetate  oj 
lead  either  neutral  or  basic  (Parnell) ;  at  the  boiling  heat  it  dissolves 
26*7  p.  c.  lead-oxide  in  a  few  minutes,  but  is  decomposed  by  half-an- 
hom-'s  boiling  therewith.  (Mulder.)  —  The  compound  of  inulin  and 
lead-oxide  dried  at  mean  temperature,  is  white,  pulverulent,  partially 
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deliquescent  at  100°,  and  yaries  in  composition  even  when  prepared 
under  similar  circumstances  (Parnell),  because,  hy  the  action  of  the 
base,  the  inulin  is  partly  converted  into  sugar,  and  the  sugar 
into  glucic  acid.  (Lowig,  Org.  Verb.  1,  368.)  Inulin  from  dahna- 
tubers  and  inulin  from  elecampane-roots  form  different  compounds  with 
oxide  of  lead ;  and  even  with  the  same  kind  of  inulin,  different  com- 
pounds, enclosing  various  quantities  of  glucate  of  lead,  are  obtained, 
according  to  the  quantities  of  ammonia  and  acetate  of  lead  added. 
(Crookwit.) 


Caiculaiiont  oeeordinf  to 
ParnelL 

24  C  144-0  ....  22-46 

18  H 18-0  ....  2-79 

18  0 144-0  ....  22-46 

3  PbO 335-4  ....  52-29 


ParnelL  CrooclrvH. 

a  he 

from  Dahlia'  flwn  Ehcafiu  from  DdUia* 
iubert,         pane-rooU.  tuber*. 

0/100° 

....     22-46  21-52     2520 

....       2-94  2-85     8-32 

....     23-37  22-56     27-56 

....     51-23  63-07     43-92 
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100-00 


10000    100-00 


100-00 


PferneU.  Croockwit 

do/ 
from  DahliO'  from  Elecam'  fi'oin  Dahlia- 


24  0 144 

21  H    21 

21  O    168 

5  PbO   559 


16-14 

2-35 

18*83 

62-68 


tubers, 
at  100* 

16-66  1918 

2-44  2-39 

18-48  20-61 

62-43  57-87 


pane-roots.         tubere. 


17-38 

2-16 

18*32 

62*14 


CJ4H«0«,5PbO 892 


100*00 


100*00     100-00 


100*00 


a  contains,  in  the  air-dried  itate,  7  p.  o.  water^  d,  2  p.  o.  water,  whicb  is  giTen  off 
at  100^ 

Aqueous  solutions  q&  ferrous  sulphate^  ferric  miphatej  cupric  sulphate^  mer- 
curtc  nitrate^  nitrate  of  silver,  and  chloride  of  gold,  are  not  predpitated  by 
aqueous  inulin.  (Payen.)  —  Inulin  is  dissolved  by  aqueous  cupr- 
awmonMi,  without  previous  tumefaction  (Cramer,  J.  pr.  Chem.  78,  16); 
the  solution  yields  after  a  few  hours,  a  copious  blue  amorphous  preci- 
pitate insoluble  in  water  and  ammonia,  soluble  in  tartaric  and  nitric 
acids.  (SchloBsberger,  J.  pr.  Chem.  73,  878.)  —  Inulin  dissolves  gradu- 
ally in  aqueous  nickel-ammoma.    (Schlossberger,  J.  pr.  Chem.  78,  870.) 

InuUn  dissolves  in  warm,  but  not  in  cold  glacial  acetic  add 
(Biltz.) 

Infusion  of  galls  throws  down  from  aqueous  inulin  a  white  some- 
what elastic  precipitate  (Gaultier),  which  redissolves  below  100 '^ 
(Pelletier  &  Caventou);  it  is  not  produced  till  after  the  lapse  of 
6  hours,  has  a  pearly  lustre,  dissolves  in  water  at  50°  (Payen),  and, 
according  to  Braconnot,  consists  of  inulin  free  from  tannin. 

Inulin  is  insoluble  in  alcohol.  (Rose.)  Inulin  from  morel  is  insoluble  In 
absolute  alcohol  and  in  ether,  but  dissolves  in  100  pts.  of  80  p.  c.  alcohol,  and  in  a 
smaller  quantity  of  40  p.  c.  alcohol. 
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Lichenin. 

C»H"0»  or  C«H«W*. 

Prouot.    J.  Phys.  63,  81 ;  N.  Chhl  6,  602. 

Bebzelius.     Schw.  7,  386, —  Scher.  Ann.  8,  288. —  Lehrbuch, 

John.     Chem,  Schriften^  6,  41. 

6u6un-Varrt.    Ann.  Chm.  Pkys,  66,  247 ;  J.  pr.  Chem,  3, 846 ;  abstr. 

Ann.  Pkarm.'lS,  71. 
Mulder.    Natuur  en  SchetkuncUg  Archie/,  1887,  No.  4. — Bull,  de  Nier^ 

kmdy  1838,  41 ;  abstr.  J.  pr.  Chem.  16,  299 ;  Ann.  Pharm.  28,  279. 
Paten.    N.  Ann.  Sc.  not.  Bot.  14,  %h.^Inst.  206,  128,  and  145. 
Steinberg  &  Dietrich.    J.  pr.  Chem,  26,  379. 
VoGEL.    Linnteoy  15,  69.;  abstr.  J.pr.  Chem.  25,  382.  » 

Davieson.    Ed.  N,  PhU.  J.  28,  260 ;  J.  pr.  Chem.  20,  854. 
Knop  &  ScHNEDEBMANN.     J.pr.  Chem.  40,  389.   Ann.  Pharm.  65,  164, 

Liehen^tareh,  FUchtetuiikrkmehl,  Moottdrkmeki,  lAehinine  (Godrin). —  Formerly 
classed  amongst  the  diflfereni  kinds  of  Tegetable  miieus>  bat  iaeLaded  by  Baselius  among 
the  starches. 

Sources. — ^In  lichens  and  mosses,  especially  in  Cetraria  ielandica^ 
C.  gUmca^  BameUna  frasdneoy  R.  fasUgiatct^  Ulnea  harhata^  U.  pUcata 
(Berzelius) ;  in  ParmeUa  parietinoy  P.  saxatilia^  PelHgera  canina^  Cladonia 
rangifermoy  C.pyxidatajEverniafurJuraeeaBiid  DeleaaereapinncUa;  in  worm- 
moss  (the  produce  of  about  12  species  of  algse)  (Schmidt,  Ann.  Pharm. 
51,  58) ;  in  Sttcta  pulmanacea  and  others. — Cetraria  islancUca  contains 
inulin  and  starch  as  well  as  lichenin,  the  starch  not  occurring  in 
granules,  but  forming  an  integrant  part  of  the  cellular  membrane, 
which  consists  of  cellulose  (Payen). — ^Lichenin  does  not  occur  in 
isolated  granules,  like  starch,  but  as  a  smaller  mass  uniformly  dis- 
tributed amongst  the  cells  (Knop  &  Schnedermami). — According  to 
Maschke  J.  pr  Chem.  61,  1),  it  is  formed  from  starch  by  the  action  of 
the  free  acid  in  the  Cetraria  islandicaf  and  is  identical  with  his  soluble 
starch,  (pp.  82,  86.) 

Preparation.  1.  Iceland  moss  is  freed  from  the  bitter  principle  con- 
tained in  it,  by  a  process  given  below ;  it  is  then  boiled  for  two  hours 
with  9  pts.  of  water,  strained  boiling  hot,  pressed,  and  left  to  cool. 
The  jelly  which  separates  on  cooling  is  freed  from  water  by  hanging 
it  up  in  a  linen  cloth,  or  letting  it  ue  on  blotting  paper,  (berzelius.) 
After  this  treatment  it  is  still  black,  but  is  obtained  colourless  by 
dissolving  it  in  boiling  water  and  precipitating  the  filtrate  with  alcohol. 
(Querin-Varry.) 

Berzelius  removes  the  bitter  matter  of  Iceland  moss  by  macerating 
lib.  of  the  lichen  for  24  hours  with  18lbs.  water  and  y^lb.  potash,  and 
repeatedly  washing  it  with  water,  without  pressure.  Payen  washes  suc- 
cessively with  ether,  alcohol  of  sp.  gr.  0'83  and  0*90,  cold  water,  very 
weak  solution  of  carbonate  of  soda,  aqueous  hydrochloric  acid  of 
the  strength  of  1  per  cent.,  and  lastly,  with  pure  water. — Davidson 
macerates  1121bs.  of  Iceland  moss  for  14  days  with  potash-ley  prepared 
from  4ib8.  of  potash,  or  for  6  days  with  milk  of  lime  prepared  from  6lb8. 
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of  lime,  then  washes  with  dilute  sulphuric  add,  and  finally  with  water. 
Chloride  of  hme  may  also  be  used  for  the  maceration. 

2.  A  large  quantity  of  hydrochloric  acid  is  poured  upon  Iceland 
moss,  and  the  clear  solution  obtained  after  diluting  and  straining,  is 
precipitated  with  alcohol.  The  precipitated  lichenin  may  be  freed  from 
water,  and  rendered  friable  by  repeated  treatment  with  absolute 
alcohol,  and  then  freed  from  adhering  hydrochloric  acid  by  immersion 
in  running  water.    (Euop  &  Schnedermann.) 

In  this  process,  according  to  K.  &  S.,  two  modifications  of  hchenin 
maybe  produced. — a.  If  the  mucilage  prepared  with  fuming  hydrochloric 
acid,  and  diluted,  be  mixed  with  alcohol  tfll  turbidity  ensues,  then  with 
a  little  more  alcohol,  so  that  part  of  the  lichenin  and  all  the  dirt  may 
be  thereby  precipitated,  then  afterwards  carefully  strained,  the  liquid 
if  necessary  being  poured  back, — a  clear  solution  is  obtained  from 
which  alcohol  throws  down  white  flocks.  These  flocks  dried  on  a 
hair  sieve,*  yield  a  colourless  transparent  mass,  undistinguish- 
able  from  common  starch  which  has  been  boiled  and  dried  again. 
— 6.  When  the  hydrochloric  acid  extract  is  immediately  precipitated 
with  alcohol,  washed  with  aqueous  alcohol,  and  boiled,  a  substance  is 
separated  by  filtration  which  is  no  longer  coloured  blue  by  iodine,  and 
exhibits  the  characters  of  Muldei^s  lichenin. 

In  a  later  communication,  £jiop  and  Schnedermann  make  the  follow- 
ing statement : — ^Lichenin  prepared  by  h  swells  up  in  water  to  a  slippery 
mass,  which  is  coloiured  by  iodine.  If  it  be  boiled  with  water,  neither 
the  clear  solution  nor  the  jelly  which  forms  on  cooling,  is  coloured 
blue  by  iodine ;  but  on  precipitating  with  alcohol,  the  Uchenin,  freed 
from  alcohol  by  washing  with  water,  is  again  coloured  blue  by  iodine. 

Properties.  Colourless  (Payen)  or  yellowish,  hard,  brittle,  trans- 
lucent mass,  Titreous  on  the  fractured  surface.  Difficult  to  pulverize. 
— Neai'ly  inodorous ;  tasteless.    Permanent  in  the  an*. 

Mulder*  Knop  & 

SchnedennaDn. 

24  C   144     44-44     44*29     44-4 

20  H  20     617     6-28     6-0 

20  O  160     49-39     49*43     49*6 


C«H»0»   324    100-00    100-00    lOO'OO 

Knop  &  Schnedermann '8  lichenin  was  tamed  bloe  bj  iodine. 

According  to  Gu§rin.Varry,  Uchenin  is  C^^H'^O^;  see  his  analysis  (^im.  CJUm. 
Phy9,  56,  248) ;  according  to  Togel,  il  resembles  amylo'id,  inasmuch  as,  like  that  sub- 
stance, it  forms  the  cell-walls  of  lichens. 

Decompositiom.  1.  Lichenin  yields  by  di*y  disttUation  pi-oducts 
doubtless  similar  to  those  obtained  from  starch.  It  yields 
carbonic  acid,  carbonic  oxide,  a  small  quantity  of  carburetted  hy- 
drogen, aqueous  empyreumatic  acetic  acid,  and  a  brown  oil,  but  no 
ammonia,  and  leaves  ^  charcoal.  (Bcrzelius). — According  to  Proust, 
traces  of  ammonia  are  likewise  obtained. — 2.  The  aqueous  solution  of 
lichenin  slowly  turns  mouldy  on  exposure  to  the  aii',  but  without 
acquiring  any  bad  taste  or  smell.  (Berzelius.)— It  turns  sour  in  a  few 
days.  (Gu^rin.)  —  3.  By  continued  boiling  of  its  aqueous  solution,  it 
partly  loses  the  property  of  separating  on  cooling.  (Berzelius.) — 4.  By 
boiling  with  very  dilute  mlphuric  acid^  it  is  partly  converted  into  sugar. 
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(KirchhoflF,  Schw.  14,  888).      lOO  ptg.  treated  with  250  fts.  oil  of  vitriol  yield 

53*91  pts.  anhydrous  sugar.— 5.  ChUnine  gas  passed  into  the  solution  removes 
any  accidental  brown  colour,  without  producing  further  decomposition. 
(Berzelius.) — 6.  Gently  heated  nitric  acid  dissolves  lichenin  with 
facility,  producing  a  non-mucilaginous  fluid,  while,  at  a  higher  tem- 
perature, oxalic  acid  is  formed,  but  neither  mucic  acid,  nor  stearin. 

(Berzelius,  Proust.)  lOO  pts.  lichenin  set  aside  for  a  month,  at  a  temperature  of 
20^  to  25**  in  contact  with  600  pts.  nitric  acid  of  sp.  gr.  r84»  yield  saccharic  acid,  and 
at  40*  a  much  larger  quantity.  If  the  liquid  be  heated  to  60°,  it  yields  on  cooling 
crystals  of  oxalic  acid,  100  pts.  lichenin  producing  48*17  pts.  of  the  hypothetical  anhy- 
drous add.  (Gu^rin.) 

Combinations. — Lichenin  immersed  in  cold  tcater  slowly  swells  up  to 
a  considerable  mass,  but  without  perceptibly  dissolving.  In  boning 
water,  it  dissolves  completely  to  a  thick  gum.  The  concentrated  solu- 
tion solidifies  to  a  jelly  on  cooling.  (Guerin-Varry.)  The  solution,  if 
left  to  evaporate,  becomes  covered  with  films  soluble  in  water.  (Gu^rin, 
Berzelius.)  The  jelly  gradually  contracts  on  standing,  so  that  the 
supemataiit  water  still  retains  a  little  lichenin  in  solution,  becomes 
covered  with  a  crust  if  longer  boiled,  and  ultimately  loses  the  power 
of  gelatinising  on  cooling  (Berzelius) ;  it  is  thereby  converted  into  a 
gummy  mass.  (John.) — locUne  colours  lichenin  greenish-brown,  accord- 
ing to  Berzelius ;  blue,  according  to  Qu^rin-Varry,  but  much  less 
deeply  than  starch ;  yellow,  according  to  Mulder,  or  green  from  admix- 
ture of  starch.  (Comp.  Knop  &  Schnedermann,  p.  120).  The  green 
solution  of  iodine  in  lichenm  set  aside  in  open  vessels  for  24  hours, 
deposits  lichenin,  leaving  iodide  of  starch  in  solution.  (Mulder.) — 
The  decoctions  of  Cetraria  islandica  and  Parmelia  parietina  acquire  a 
fine  blue  colour  when  treated  with  alcoholic  tincture  of  iodine,  that  of 
Sticta  pulmo7uzcea  becomes  bluish-green ;  all  these  decoctions  are  de- 
colorised by  boiling;  but  that  of  the  first-mentioned  lichen  recovers 
its  blue  colour  on  cooling.  (Mulder). 

In  fuming  hydrochloric  acid,  Uchenin  swells  up  to  a  jelly  as  trans- 
perent  as  glass,  from  which  alcohol  precipitates  unaltered  lichenin. 
(Elnop  &  Schnedermann). 

Lichenin  absorbs  2*66  p.  c.  ammonia  gas^  but  gives  it  up  completely 
at  100°.  Mulder). 

With  aqueous  potash  it  forms  a  pale  yeUow,  perfectly  mobile  solu- 
tion not  precipitable  by  acids.  (Berzelius). — The  films  which  collect  on 
the  surface  of  aqueous  lichenin  while  boiling,  are  rendered  ductile,  like 
turpentine,  by  immersion  in  aqueous  potash.  (John). 

Lichenin  dissolves  in  hot  aqueous  carhonaie  of  potash,  also  in  hot 
lai'yta-  and  lime-water,  (Berzelius). 

Lead-compound  of  Lichenin,  Basic  acetate  of  lead  is  dropped  into  hot 
aqueous  lichenin,  and  the  product  is  washed  and  dried. — White  pre- 
cipitate containing  55-26  p.  c.  oxide  of  lead  (C^H*»0^  4PbO  =  57-9 
p.  c.  PbO).  (Mulder).  It  dissolves  in  acetic  acid  (Guerin).  Aqueous 
uchenin  irom  BameUna  fraxmea  is  not  precipitated  by  basic  acetate  of 
lead.  (Berzelius). 

Lichenin  is  rendered  slightly  turbid  by  mercurous  nitrate ;  not  pre- 
cipitated by  acetate  of  alumina  or  ferrous  sulphate. 

Infusion  of  galls  produces  a  precipitate  in  the  aqueous  solution  of 
lichenin  from  BameUna faetigiata  or  R,fraxinea,  (Mulder,  Phys,  Chem,  225.) 

Lichenin  is  insoluble  in  alcohol  and  in  ether. 
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Paramylone. 

G^VB}^^  or  C«*H»0«». 
Gottlieb.    Ann,  Pharm.  75,  61 ;  Pharm.  Cenir,  1850,  856. 

In  Euglena  vnicUSf  a  g^een  infusorium  living  in  water. 

Fresh  Euglenoe,  mechanically  freed  from  adhering  Tegetable  matter, 
sand,  &c.,  are  exhausted  successively  with  ether,  80  p.  c.  alcohol,  and 
boiling  alcoholic  hydrochloric  add,  to  remove  fat,  colouring  matter, 
and  nitrogenous  substance,  whereby  th0  envelopes  of  most  of  the 
animalcules  are  lacerated,  and  granular  paramylone  is  set  free.  From 
the  resulting  mixture  of  paramylone  envelopes,  and  uninjured  animal- 
cules, the  two  latter  are  for  the  most  part  removed  by  repeated 
stirring  with  water  and  straining,  the  water  which  runs  through  then 
depositing  paramylone  in  a  purer  state.  Paramylone  thus  prepared  still 
retains  about  1*4  p.  c.  ash  and  membranes,  which  may  be  removed  by 
dissolving  it  in  weak  potash-ley,  precipitating  the  filtrate  with  hydro- 
chloric acid,  and  washing  out  the  jelly.  In  the  course  of  the  preparation 
a  brown  substance  is  formed  by  the  action  of  the  potesh  on  the 
admixed  membranes :  it  may  be  removed  by  repeatedly  dissolving  the 
paramylone  in  potash-ley  and  precipitating  with  hydrochloric  acid. 

Properties,  White  granules,  which  are  smaller  than  those  of 
wheat-starch;  and  give  off  their  adhering  water  at  100°. —  After 
precipitation  from  the  potash-solution  by  hydrochloric  acid,  and 
drying,  it  forms  irregular,  pale  yellow,  translucent,  tenadous, 
scarcely  friable  lumps,  which  do  not  give  off  their  adhering  water 
below  110°. 

Gottlieb, 

a,  b, 

at  100*  at  110* 

24  C 144  ....  44-44  44-87  ....  4422 

20  H  20  ....   617  6-37  ....   630 

20  O    160    ....    49-39    48*76    ....     49*48 

C^H»02» 324    ....  100*00    100*00    ....  100*00 

a,  after  deducting  1*4  p.  c.  ash ;  b  paramylone  purified  with  potash-ley.  The  com- 
pound  is  nearly  related  to  cellulose.    (Gottlieb.) 

Decompositions.  1.  Melts  whenAeateJ,  and  bums  with  an  odour  of  su^ar, 
leaving  an  easily  combustible  charcoal.  —  In  air  heated  to  200°  it  does 
not  melt,  but  turns  brown  and  then  yields  to  water,  a  tasteless  gum, 
insoluble  in  alcohol.  —  2.  With  nitric  acid  it  yields  a  large  quantity  of 
oxalic  acid.  —  3.  It  is  not  altered  by  hot  dilute  acids;  by  boiling  for  six 
days  with  dilute  sulphuric  acid,  it  is  partly  converted  into  a  brown, 
greasy  mass,  which  decomposes  aqueous  potassio-cupric  tartrate  only 
at  the  boiling  heat,  w^th  separation  of  cuprous  oxide. — 4.  Boiled 
with  strong  hydrochloric  acid,  it  dissolves  to  a  brown  syrup  containing 
fermentable  sugar,^capable  of  reducing  potassio-cupric  tartrate.  — Pa* 
ramylonc  is  not  converted  into  sugar  by  diastase. 
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Comhinaiums.  Paramylone  is  insoluble  in  water.  —  That  which  has 
been  precipitated  by  acids  swells  up  in  water,  but  without  gelatinis- 
ing. — It  is  not  coloured  by  iodine. 

Paramylone  does  not  dissolve  in  dilute  acidi,  or  in  aqueous  ammonia^ 
either  cold  or  at  the  boiling  heat.  —  It  dissolves  without  decomposition 
in  strong  potasK-ley^  and  is  precipitated  therefrom  by  carbonic  acid 
almost  in  the  pure  state ;  by  acidulated  alcohol  in  white  flocks ;  by 
absolute  alcohol  in  combination  with  a  small  quantity  of  carbonic 
acid  and  potash.  The  last  precipitate  dries  up  to  a  yellow, 
translucent  mass,  and  gives  up  potash  when  washed  with  alcohol 

Paramylone  is  not  altered  by  Baline  solutions^  and  is  insoluble  in 
alcohol  ana  ether. 


Cellulose. 

CUHioQw  or  C>*H*0*>. 

FouKCROY.     Systeme  dee  Connaissances  chimiques,  8,  87. 
Pboust.    J.  Phye.  48,  469 ;  Scher.  J.  7,  707. 
Saussure.    a.  Gehly  4,  681. 
•    EniCFORD.    Schw.  8,  160. 

Braconnot.    Ann.  Chim.  Phya.  12,  172 ;  Schw.  27,  328 ;  GUb.  63,  847. 

Beade.    L,  Ed,  Mag.  J.  11,  421. 

ScHLEiDEN.     Wiegm.  Arch.  1838,  59;  Pogg.  43,  391. — Ann.  Pharm. 

42,  298.  —  Grundz.  d.  tvissensch.  Botaniky  Leipzig,  1849,  1,  172. 
LiEBiG.     Ann.  Pharm.  17, 139.  —  30,  266.  —  42,  306. 
Paten.     N.  Ann.  Sc.  nat.  Bat.  11,  21  and  27. — 14, 37. — Compt.  rend.  18, 

271.— Compt.  rend.  48,  210  and  276 ;  N.  J.  Pharm.  35,  88  and  185 ; 

abstr.  Rep.  Chim.purey  1,  270.— Compt.  rend.  48,  819,  326,  828,  358 

and  362. — Compt.  rend.  48,  772  and  893 ;  abstr.  E^.  Chim.  pure^  1, 

359  and  434. 
F.  L.  WiNOKLER.    J.  pr.  Chem.  17,  66. 
Hermann.    J.pr.  Chem.  23,  380 ;  27,  165. 
Fbomberg.     Scheik.  Onderzoek.  2,  36  ;    abstr.  Ann.  Pharm.  48,   853 ; 

J.pr.  Chem.  32,  198. 
T.  Baumhauer.  Scheik.  Ondei-zoek.  2,  62  and  194 ;  abstr.  Ann.  Pharm.  48, 

366  ;  J.  pr.  Chem.  32,  204  and  210 ;  iV^.  Br.  Arch.  53,  68. 
Mulder.  Scheik.  Onderzoek.  2,  76 ;  abstr.  J.  pr.  Chem.  32,  336. «—  J.  pr. 

Chem.  39,  150. 
Blonbeait  de  Carolles.     Bev.  scient.   14,  476 ;  abstr.  J.  pr.  Chem. 

32,  427. 
EocHLEDER  &  Heldt.    Ann.  Pharm.  48,  8. 
Schaffner.     Ann.  Pharm.  50,  148. 
RocHLEOER.      Ann.  Pharm.  50,  225. 
Reinsch.     Jahrb.  pr.  Pharm.  14,  25. 
PouKARi^E  &  Figdier.    Memovrc  sur  le  Ligneux,  etc.,  Paris,  1847 ;  N'. 

J.  Pharm.  12,  81 ;  J.  pr.  Chem.  42,  25. 
Chodnew.     Ann.  Pharm.  51,  393. 
MrrsHERLiOH.     Berl.  Akad.  Ber.  1850,  102  ;  Ann.  Pharm.  75,  305 ;  J. 

pr.  Chem.  50,  144. 
F.  Sohulze.    Beitrdge  zur  KemUnise  dee  Ligninsy  Rostock,  1856 ;  abstr. 

Chem.  Cenir.  1857,  321. 
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ScHWEiZER.     Chem,  Centr.   1858,   49;   J.  pr.  Chem,  72,  1095. — J.  pr. 

Chem.  78,  370 ;  Bep.  Chim.  pure,  2,  142. 
Cbamer.    J,  pr,  Chem.  73, 1 ;  Chem,  Centr.  1858,  50 ;  abstr.  Compt.  rend. 

48,  270. 
ScHLOSSBEROBR.     Ann.  Pharm.  107,  22 ;  J.  pr.  Chem.  73,  370 ;  N.  Br. 

Arch.  95,  145.— -4n?i.  Pharm.   110,  246;  N.  Jahrb.  Pharm.  12,  6; 

abstr.  J.pr.  Chem.  77,  508;  JRep.  Chim.  pure,  1,  432. 
Erdmakn  &  MiTTENZWEY.     J.  pr.  Chem.  76,  386 ;  Chem.  Centr.  1859, 

642. 
Fremt.     Compt.  rend.  48,  202 ;  N.  J.  Pharm.  35,  81 ;  abstr.  Rep.  Chim. 

pure,  1,  269. — Compt.  rend.  48,  825  and  360.— Comp«.  rend.  48,  667 

and  862 ;  N.  J.  Pharm.  35, 321  and  401 ;  abstr.  Inet.  1859, 121  and 

151 ;  Rep.  Chim.  pure,  1,  357  and  433  ;  Pharm.  Vierteljahr.  9,  221.— 

N.  J.  Pharm.  Inst.  1859,  357 ;  R^.  Chim.  pure,  1,  602  ;  Chem.  Centr. 

1860,  4. 
Pelouze.     Compt.  rend.  48,  210  and  327 ;  N.  J.  Pharm.  35, 209 ;  Inst. 

1859  ;  Rep.  Chim.  pure,  1,  212  \  Dingl  151,  394. 

Specially  relating  to  PoUenin. 

3oBS.     Chem.  Schrifien,  5,  39  ;  Schw.  12,  144. 

BucHHOLZ.    A.  GM.  6,  573.  / 

Fritzsche.    Pogg.  32,  481. 

Braconnot.    Ann.  Chim.  Phys.  42,  98 ;  N.  Tr.  21,  164. 

Herapath.     Chem.  Soc.  Qu.  J.  1,  1. 

MuSPRATT.     Ann.  Pharm.  61,  280. 

Specially  relating  to  Fungin. 

Braconnot.    Ann.  Chim.  79,  276. 

Yauquelin.    Schw.  12,  253. 

ScHRADER.     Schw.  33,  410. 

Payen.     N.  Ann.  Sc.  not.  Bot.  14,  89. 

ScHLOSSBEROER  &  DoppiNO.    Ann.  Pharm.  52,  113. 

Woody  Fibre,  lAgnin,  ZelUtofftPflanzen-zeUstqff  Ftuery  HolzfueTf  Pfianzeti/iuer, 
Pfianz/enfoHntoffi  lAgneux. 

Piiyen  and  others  make  a  diMtinctioii,  between  cellulose  or  woody  fibre  properly  so- 
called,  and  the  enenuHng  matter  (Turpin's  tclerogen,  Schnlse's  lignm)  which  they 
regard  as  a  peculiar  constituent  of  the  cellular  tissue.  This  encrusting  matter  has  not 
however  been  isolated,  and  Schleiden  {GrundzUge  d.  wigienteh.  Bot.  Leipzig,  184 9,  1« 
173)  contests  its  existence  as  a  distinct  compound.  The  encrusting  matter  treated  suc- 
cessively with  potash  and  iodine,  assumes  an  orange-yellow  colour,  and  is  thereby  dis- 
tinguished from  cellulose,  which  turns  blue  under  the  same  circumstances.  (Payen,  N. 
Ann.  Se.  nai.  Bot.  \Z,  805.)  Schulze's  lignin  dissolves  in  a  mixture  of  chlorate  of 
potash  and  nitric  add,  in  oil  of  vitriol,  and  in  a  concentrated  aqueous  solution  of  chloride 
of  zinc  {comp.  Payen,  N,  Ann,  Sc.  not.  Bot.  11,  27  ;  abstr.  Compt.  rend.  81,  51 ; 
J.  pr.  Chem.  16,  436.  —  v.  Baumhauer,  Seheik.  Onderwek.  2,  62 ;  J.  pr.  Chem.  32, 
204  ;  Repert.  95,  220.  —  F.  Schnlze,  Beitr'dge  zur  KentnUt  dee  Liynuu,  Rostock, 
1856  ;  abstr.  Chem,  Centr.  1857,  321). 

The  substances  formerly  distinguished  as  PoUenin,  JPimgin  or  Medullin,  appear  to 
be  nothing  but  cellulose  in  various  degrees  of  purity.  A  few  other  substances  allied  to 
cellulose  are  treated  in  an  Appendix. 

Sources.  1.  In  the  Vegetable  Kingdom. — Cellulose  forms  the 
principal  part  of  the  cellular  tissue  of  plants.  It  is  indispensably 
necessary  for  the  formation  and  development  of  the  cells  (Schleiden) ; 
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it  is  the  plastic  material,  not  only  of  the  primary  cell- wall,  but  likewise 
of  all  the  spiral  or  otherwise  formed  deposits  which  attach  themselves 
to  its  inner  surface  as  the  plant  grows,  and  appear  to  partake  of  the 
structure  of  the  cell-wall  itself.  (Scheiden,  Schulze.)  Cellulose  is 
found  in  its  purest  state  in  the  walls  of  young  vegetable  cells,  as  in  the 

rngioles  of  the  rootlets,  the  younger  organs  of  the  leaf  and  flower, 
fleshy  structures  of  certain  fruits,  &c. ;  more  frequently,  however, 
it  is  found  associated  or  combined  with  foreign  matters,  especially  in 
the  cell- walls  of  older  plants,  in  the  wood,  &c.  Such  foreign  admix- 
tures, produced  as  the  growth  of  the  plant  advances,  and  often  very 
intunately  united  with  the  cellulose  are:  colouring  matters,  fats, 
resins,  gum,  mucus,  starch,  sugar,  and  salts,  both  organic  and 
inorganic.  According  to  Payen,  cellulose,  even  in  the  youngest  parts 
of  plants,  is  united  with  a  nitrogenous  substance,  resembling  protein. 

On  Payen's  maiiire  incruitanie,  see  page  124. 

Fr^my  {CompL  rend,  48, 202)  is  of  opinion  that  the  cell- walls  of  plants 
consist,  not  of  one,  but  of  several  substances,  because  he  finds  that 
cuprammonia  (see  Cbm^mAft'ofu,  p.  142)  dissolves  only  the  outer  wall 
of  many  vegetable  cells,  forming  a  solution  from  which  pure  cellulose 
may  be  separated  by  water,  and  leaving  an  inner  membrane  (coloured 
green  by  the  re-agent  and  yielding  pectic  add  when  treated  with 
acids),  whereas  other  plant-cells  arc  not  attacked  by  aqueous  cupram- 
monia. He  likewise  admits  the  existence  of  various  kinds  of 
cellulose,  whose  different  behaviour  towards  solvents  is  not  determined 
by  their  different  degrees  of  cohesion,  inasmuch  as  the  solubility  of 
cellulose  in  aqueous  cuprammonia  is  not  in  proportion  to  its 
cohesive  power.  Nevertheless,  Payen  (Compt.  rend.  48,  210)  is  of 
opinion  that  the  different  chemical  relations  of  vegetable  cellular  mem- 
branes are  determined  by  admixtiures  of  organic  and  inorganic  sub- 
stances, as  well  as  by  their  different  degrees  of  cohesion,  which  latter 
cannot  be  measured  solely  by  the  hardness  of  the  different  substances 
composed  of  cellulose  or  woody  fibre.  Thus,  according  to  his  obser- 
vations (CompL  rend,  48,  319),  the  cellulose  in  the  pith  of  the  stem  of 
herbaceous  and  woody  plants,  both  above  and  below  the  surface  of 
the  soil,  does  not  differ  greatly  from  that  which  constitutes  cotton  and 
other  fibres  used  for  spinning,  and  the  cell-walls  of  the  various  kinds 
of  vegetable  tissue,  but  after  Pelouze  {Compt,  rend,  48,  210  and  327) 
had  observed  that  cellulose  which  has  been  dissolved  in  aqueous 
cuprammonia  and  precipitated  by  hydrochloric  acid,  is  much 
more  soluble  in  hydrochloric  acid  than  natural  cellulose,-^ and  that 
cellulose  treated  with  melting  potash  at  150"* — 190°  becomes  much  more 
soluble  in  weak  aqueous  potash, — and  had  thence  concluded  that  the 
latter  kind  of  cellulose  is  a  modification  of  that  which  occurs  naturally, 
Payen  (Compt.  rend,  48,  358)  likewise  recognised  the  existence  of  de- 
ferent isomeric  modifications  of  cellulose,  although  he  still  maintained 
that  the  skeleton  of  plants,  the  walls  of  the  ceUs,  fibres,  and  vessels 
in  general,  consist  of  one  and  the  same  kind  of  cellulose,  and  that  the 
various  conditions  of  cellulose  in  plants  are  determined  essentially  by 
their  state  of  aggregation  or  by  the  presence  of  foreign  bodies. — 
Prtoy  on  the  other  hand  maintains  (Compt,  rend,  48,  67)  that  the  dif- 
ferent modifications  of  cellulose  cannot  arise  from  the  admixture  of 
foreign  substances,  inorganic  compounds,  for  example,  inasmuch  as 
the  solubility  of  cellulose  ^in  cuprammonia  may  vary,  although  the 
amount  of    inorganic    matter  asRociated  with  it  remains  constant; 
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thus  the  insoluble  pith  of  plants  is  rendered  soluble  by  many  boors 
heating  to  about  160*  or  by  prolonged  boiling.  As  isomeric  modifica- 
tions of  natural  cellulose,  he  distinguishes :  1.  That  part  of  the  vege- 
table tissue  which  is  soluble  in  aqueous  cuprajnmonia, —  the  true 
cellulose  or  woody  fibre; — 2.  The  part  which  is  insoluble  in  aqueous 
cuprammonia,  but  is  rendered  soluble  by  treatment  with  certain 
chemical  re-agents :  Paracellulose,  The  latter  is  found  in  nature  associ- 
ated with  true  cellulose,  constituting  the  utricular  tissue  of  the  medul- 
lary rays.  As  two  further  modifications,  Fremy  distinguishes  Vascu- 
lose^  which  forms  the  vascular  tissue,  and  Fibrose^  which  forms  the 
woody  tissue,  both  of  which  differ  in  some  respects  from  true  cellulose. 

(vid,  i^f.) 

Cellulose  occurs  tolerably  pure  in  the  fibre  of  cotton,  fiax,  and  hemp, 
therefore  in  bleached  linen ;  in  the  byssus  used  for  wrapping  mummies 
(Thomson,  Ann.  Fharm.  69,  128);  in  white  (Swedish)  paper. —  It 
occurs  pure  (not  pure,  a^ccording  to  v.  Baumhauer)  in  the  pericarp  of 
Fht/telq>ha8  (rayen) ;  is  contained,  to  the  amount  of  12  per  cent,  in  the 
manna  of  Eucah/ptus  dumosa  (Anderson,  N*  Ed.  Phil.  J,  47,  182 ;  J,  pr. 
Chem.  47,  449) ;  it  forms  the  envelopes  of  starch-granules  (Melsens) ; 
the  membranes  which  enclose  the  granulose  of  starch-granules  (Nageli, 
Die  Starkmehlkdmer,  1858);  it  is  a  constituent  of  lignite  and  coal 
(Schuke,  Lieb.  Kopp.  Jahresber.  1855,  702  and  1019). 

As  PoUenin.  In  the  pollen  of  flowers :  of  tulips  (John),  of  date- 
flowers  (Fourcroy  &  Vauquelin,  A.  Gehl.  1,  607),  of  lilies  and  of  Cactus 
speciosissimus  (H.eTd,p&th),  in  the  seeds  of  lycopodium(Buchholz.-4.  Gehl. 
6,  573). —  As  medullin,  in  the  pith  of  plants,  especially  of  sunflowers 
and  of  the  elder-tree  (John,  Chem.  Schriften^  4,  204).—  As  Fungin 
in  fungi,  as  Agaficus  volvacius,  A.  piperatus  and  A.  stypticus,  Boletm 
juglandisy  and  B.  pseudo-igniarius^  Phallus  impudicuSy  Merulius  CcaUhareU 
lusj  Hydnum  repandum  and  H.  hybridum,  Mucor  septicusy  (Braconnot, 
Ann.  Chim.  79,  276) ;  Agaricus  campestris,  A.  bulbosus,  A.  theogalus^  A. 
muscarius  (Vauquelin,  Schw.  12,  258) ;  Helvella  mitra  (Schrader,  Schw. 
83,  410). — As  Lichenin  in  the  skeleton  of  Hchens  (p.  119). —  The  cellu- 
lose of  Iceland  moss  appears  to  be  in  a  state  of  transition  between 
true  cellulose  and  starch  (Fromberg). — As  cork  cellulose:  existing  in 
an  impure  state  in  cork,  me  outer  bark  of  the  cork-oak. 

2.  In  the  Animal  Kinqdom."^  Degenerated  human  spleen  and  some 
parts  of  the  human  brain  contain  a  substance  resembling  cellulose 
(Yirchow,  CompU  rend.  87, 492  and  860). — In  the  skin  of  e^- worms, 
probably  also  in  the  wing-cases  of  cantharides,  the  shells  of  crabs  and 
lobsters  (Feligot,  CompU  rend,  47,  1087 ;  BSp.  Chim.  jmre,  1,  284) ;  not 
in  the  wing-cases  of  cockchafers  or  in  the  carapaces  of  craw-fish  and 
shrimps,  therefore  also  probably  not  in  the  skin  of  the  silk-worm 
(Stadeler,  Arm.  Pharm,  111,  28).     aee  Tiadein. 

On  the  formation  of  ceUuloae  in  plants,  see  Schleiden,  also  Rosignon  (Compt.  rend, 
14,  873).  On  the  detection  and  estimation  of  cellalose,  see  Poggiale  (AT.  J.  Pharm, 
36,  1213. 

Preparation.  A  portion  of  a  plant  containing  cellulose  as  nearly 
pure  as  possible  —  such  as  cotton,  flax-fibre,  hemp-fibre,  pith,  &c.,  is 
exhausted  successively  with  water,  alcohol,  ether,  hydrochloric  acid, 
and  aqueous  alkali,  then  perhaps  treated  with  chlorine,  and  dried  after 
thorough  washing. 
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1 .  Payen  boils  finely  pulverized  oak-,  beech-,  or  acacia- wood  to  dryness 
with  potash-ley  three  times  in  succession ;  washes  with  water,  hydro- 
cUoric  acid,  ether,  and  alcohol ;  boils  with  water ;  treats  the  remaining 
substance  repeatedly  with  aqueous  ammonia,  potash,  hydrochloric  acid, 
and  water  in  succession,  sometimes  also  suspends  it  in  water  and  treats 
it  with  chlorine ;  and  finally  washes  it  with  alcohol  and  ether. — Or  he 
exhausts  finely  divided  fir- wood  with  water,  alcohol,  ether,  acids,  and 
weak  soda-ley,  then  with  hot  concentrated  soda-ley,  afterwards  with 
hydrochloric  acid  and  water ;  triturates  the  woody-fibre  on  a  grindstone ; 
treats  it,  suspended  in  water,  with  chlorine  gas;  and  lastly  with 
aqueous  potash,  hydrochloric  acid,  and  water  in  succession.  The 
perisperm  of  PhytelephaB  exhausted  successively  with  aqueous  ammonia, 
water,  alcohol,  ether,  then  again  with  alcohol,  ammonia,  glacial  acetic 
acid  and  water,  yields  pure  cellulose.    (Payen.) 

2.  Spiral  vessels  of  Agavs  amencanoy  elder-pith,  or  the  pith  of  Phy- 
tolacca decandra  are  exhausted  with  glacial  acetic  acid,  water,  alcohol, 
and  ether  successively,  or  with  one  or  more  of  these  re-agents  (Mulder). 
White  cotton  is  boiled  for  half-an-hour  with  dilute  sulphuric  acid,  then 
for  a  while  with  strong  potash-ley,  afterwards  washed  with  water, 
alcohol,  ether-alcohol,  and  finally  with  boiling  water.  (Blondeau  de 
Carolles.) 

3.  Dried  parts  of  plants,  such  as  Agartcns  albusj  turnips  or  white 
cabbage,  or  Iceland  moss  previously  exhausted  for  several  days  with 
weak  soda-ley,  are  boiled  with  water,  till  the  decoction  is  no  longer 
coloured  by  alcoholic  iodine,  and  runs  off  nearly  colourless ;  the  resi- 
due is  repeatedly  digested  with  soda-ley  of  10  per  cent.,  till  the  extract 
is  no  longer  precipitated  by  hydrochloric  acid ;  and  the  residue,  after 
being  washed  with  waterand  pressed,'4s  successively  digested  with  alco- 
hol heated  to  30**,  repeatedly  with  ether  and  with  dilute  hydrochloric 
acid  (1 :  21),  and  finaUy  exhausted  with  water  and  alcohol.  (Fromberg.) 

4.  Finely  comminuted  parts  of  plants  containing  woody  fibre  are 
macerated  four  times  in  succession  for  seven  days  each  with  cold  potash- 
ley,  the  residue  being  each  time  washed  for  a  long  while  with  water 
and  glacial  acetic  acid,  and  finally  well  boiled  with  water,  alcohol,  and 
ether,    (v.  Baumhauer.) 

5.  One  part  of  vegetable  tissue  is  macerated  for  fourteen  days  at  a 
temperature  of  about  115°  in  a  mixture  of  12  pts.  nitric  add  of  sp.  gr. 
1'160  and  18  pts.  chlorate  of  potash — cellulose  being  then  taken  up  into 
the  solution,  and  the  residue  is  washed  with  water  and  with  alcohol. 
(Schulze.)  Cellulose  thus  prepared  is  contaminated  with  considerable 
quantities  of  a  chlorinated  substance  produced  by  the  action  of  chlo- 
rme  on  the  woody  fibre.     (Ritter,  Private  communication.) 

6.  The  pith  of  elder-stems,  burdock-roots  or  sunflower-stalks 
gathered  in  August  and  comminuted,  is  exhausted  successively  with 
water,  alcohol,  and  ether,  then  with  weak  potash-ley,  and  washed  with 
water.    (SchafFner.) 

The  following  plants  and  parts  of  plants  also  finaDy  leave  cellulose 
when  treated  as  follows: 

7.  Finely  pulverized  coffee-beans  are  exhausted  as  completely  as 
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possible  with  ether,  alcohol,  water,  boiling  weak  potash-ley,  boiling 
dilute  hydrochloric  acid,  and  water ;  the  residue  rubbed  up  to  a  pulp 
with  water  is  left  to  itself  till  white  flooculent  cellulose  has  settled 
down,  and  this  deposit,  is  dried  and  exhausted  with  absolute  alcohol. 
(Rochleder.)  —  8.  Lichens  are  exhausted  with  cold  water,  alcohol, 
aqueous  ammonia,  glacial  acetic  acid,  and  ether,  and  lastly  boiled  with 
water  (Payen);  they  are  exhausted  with  alcoholic  ammonia,  weak 
alcohol,  ether,  alcoholic  potash,  boUing  aqueous  potash,  a  large  quan- 
tity of  water,  boiling  weak  hydroiSiloric  add,  and  boiling  water. 
(Rochleder  &  Heldt.)  They  are  steeped  for  four  to  six  days  in  concentra- 
ted hydrochloric  acid>enewed  every  day,  and  the  residue  is  repeatedly 
exhausted  by  successive  treatment  with  alcoholic  ammonia  and  hydro- 
chloric acid,  which  however  does  not  completely  remove  a  brown 
substance  formed  from  the  cetraric  acid.    (Kopp  &  Schnedermann.) — 

9.  Pressedj'dried,  and  finely  comminuted  Conjervce  are  exhausted  with 
alcohol,  aqueoAs  ammonia,  dilute  soda,  and  potash-ley,  and  the  residue 
suspended  in  water  is  treated  with  chlorine,  and  afterwards  washed 
with  weak  hydrochloric  acid,  water,  ether  and  alcohol:    (Payen.)  — 

10.  Fungi,  after  being  pressed,  are  exhausted  with  water,  alcohol, 
and  weak  aqueous  potash  (Braconnot),  or  reduced  to  dry  powder,  and 
treated  successively  with  ether,  alcohol,  hot  ammonia,  hydrochloric 
add,  and  weak  aqueous  potash,  continually  washed  in  the  intervals  with 
water,  then  diffused  in  water  and  treated  with  chlorine,  and  finally 
again  treated  with  alcohol  and  ether.  (Payen.)  — 11.  The  pollen  of 
tulips  is  exhausted  successively  with  water,  alcohol,  and  aqueous 
potash.  (John,  Buchholz.)  —  12.  Rasped  cork  is  exhausted  with  alco- 
hol, boiled  with  8  pts.  nitric  acid,  of  sp.  gr.  1*30,  till  the  suberin  is 
dissolved  and  the  wax  has  separated  as  an  oily  layer,  and  the  cellulose 
diffused  in  flocks  through  the  add  liquid,  is  repeatedly  washed  with 
alcohol.    (Schlossberger  k  Dopping,  Ann,  Pharm.  52,  113.) 

Properties,  In  the  moist  state  colourless  and  translucent ;  in  the 
dry  state,  white,  and  neai'ly  translucent.  Different  in  appear- 
ance according  to  the  tissues  from  which  it  has  been  obtained,  it  either 
exhibits  the  original  structure  of  the  vegetable  tissue,  or  consists  of  a 
network  of  fibres  more  or  less  united  with  one  another. 

Closely  aggregated  cellulose  is  obtamed  from  ebony-,  guaiac-,  and 
oak-wood,  from  the  pericarp  of  vegetable  ivory  (Phytdephas)^  from 
nuts,  from  nodes  of  grass-stems,  &c ;  loosely  united  cellulose  is  yielded 
by  cedar-,  pine-,  and  birch- wood,  the  stems  of  grasses,  herbs,  &c.  Very 
easily  separable,  and  at  the  same  time  very  long,  tough,  and  flexible, 
are  the  fibres  of  flax,  hemp.  New  Zealand  flax  {Phonnium  tenctx),  and 
cocoa-nut,  the  spiral  vessels  of  the  pisang,  &c. ;  completely  separated 
very  flexible  and  tough,  are  the  fibres  of  cotton  and  of  seed-wool  in 
general. 

Cellulose,  separated  from  its  solution  in  aqueous  cuprammonia, 
forms  loose  flocks,  which  dry  up  to  grey,  horny  lumps  translucent 
on  the  edges  (Schweizer,  Schlossberger) ;  after  precipitation  with 
alcohol,  it  forms  white  threads,  which  crumble  to  a  white  powder 
when  washed  with  hydrochloric  acid  (Erdmann).  —  Sp.  gr.  of  woody 
fibre  1-25  to  I'd;  of  cotton,  1'24;  of  flax-fibre,  1*45.  (Kopp.  ^nn. 
Pharm.  35,  39.) — Inodorous  and  tasteless. 
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Calculaiion 
Aeeoriing  to  Pa ykn  and  Mitscherlich.       According  to  Mulder  and  BAXTMn  aube. 

24  C  144     44-44     ....     24  C  144 4324 

20  H 20     647     ....     21  H 21     6-31 

20  O  160     49-39     ....     21  O 168     50-45 


C«H»0»  324 


100*00 


C?*H"0"  338 


10000 


C 
H 
O 


1.  Urb. 


Flaz. 

42-81 

5-50 

51-69 


■^ 


Cotton. 

42-11 

5-06 

52-83 


2.  Paybk. 


OfuIc  of  Tissue 

Amygdal,       Apple-  Sun-  of 

gaiiva,      blossouiB.      flowers.  Cucumber. 

fl«                 ^.  c.  rf. 

.    43-57     ....    44-7     ....  44-1  ....    43'80    . 

.      6-11     ....       60     ....  6-2  ....       611     . 

.     50-32     ....     49-3     ....  49-7  ....     50-09     . 


Elder- 
pith. 

e. 

43-37 

6-04 

50-59 


100-00    ....  100-00    ....  10000    ....  1000    ....  100-0 


100-00 


*••• 


100-00 


Paybn. 


Pith  of 

AeschinO' 

mene. 

/ 
C     43-^9 
H      6-33 
O    50-28 


Cotton. 

4500     ....    44-35 

6-22    ....      6-14 

48-78     ....    49-51 


Bpongioles 

of  the 

Rootlets. 

t. 

.  4300  . 
.  6-18  ., 
.     50-82     . 


Leayes  Aylanthu$ 

of  glanduhta* 

Cychorium  intyb,  at  I80^ 

»•                  /.  Iff. 

45-08     ....     43-40  ....     46*95 

6-74     ....       612  ....       6-19 

48-18     ....     50-48  ....     47-86 


100*00 


100-00  ...-  100*00  ....  100-00  ....  100-00 


100-00 


100-00 


Woody-fibie 
from 

Oak-wood. 

».  0. 

C  43-85  ....  44-53  .... 
H  5-86 ....  6*03  .... 
O    50-29 ....    49*44  .... 


Spiral  vessels     Inner  tissue  Seed-wool 
of  of  the  of 

leaves  of 
Mtaa  iapient.    Agave  amer. 


P' 


r. 


Popul 
virgin, 

8. 


Woody  fibre 
from 


Fir- wood. 


/. 


tt. 


48-43  ....    43-22  ....    44-70  ....    44-11  ....    5179  ....    44-38 


6*91  ....      6-50  ... 
44-66  ....    50-28    . 


6*39  ....      6-52  ....      6-28  ....      6-96 
48-91  ....    49-37  ....    41-93  ....    4866 


100-00  ....  100-00  ....  100-00  ....  100-00  ....  100-00  ....  100-00  ....  100-00  ....  100-00 


Perbperm    Cellulose              Cot^ferva  Agarictu      Boletus        Chora 

of            from                 rimtlaris,  edulis,      igniariue,     hispida, 
Phgtelephae,  Cetraria 
island, 

at  170*.      at  100^      at  180*.      at  180*.      at  130'. 

V.                to,               X.               y,  jr.               aa.             bb, 

C 44-14  ....     44-70  ....     42-57  ....     44-57  ,..,     44-52  ....     43-40  ....     4388 

H 6-30  ....       6-21  ....       6-52  ....       5-75  ....       6-67  ....       6-11  ....       629 

O 49-56  ....     4909  ....     50-91  ....     49*68  ....     48-81  ....     50-49  ....     49-83 

100-00  ....  100-00  ....  10000  ....  100-00  ....  10000  ....  100-00  ....  10000 
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3.  Frombsbo. 

- 

Cellulose  from 

Agaricui 

Cetraria 

albu8. 

Ulandica, 

at  UQ\ 

at  160». 

a. 

b. 

c. 

d. 

C 
H 

m 

46*68 
6*18 

....    45-8« 
....       6-22 

•  ••• 

45*57 
6*29 

....    43*94 

....       6-12 

O 

4714 

....    47*93 

•  ••« 

48-14 

...     49-94 

100-00 

....  100-00 

....  100-00 

....  100-00 

.  Cellulose 

Cellulose 

Cellulose 

from 

from 

from 

Tumipi. 

White  Cabbage. 

Salad. 

at  150' 

1 
• 

at  140** 

• 

at  160^ 

e. 

/. 

ff- 

h. 

f.                  i. 

\J    ... 

46.26    .... 

44-12 

•  ••• 

46-80    .... 

43-43 

•••• 

48-60    ....     44-23 

H... 

6*29     .... 

6-08 

•••• 

607     .... 

6*26 

.••* 

6-44     ....      609 

O  .. 

■  •••• 

47-45     .... 

49-80 

•  •■• 

47-13     .... 

50*31 

.... 

44-96     ....    4918 

100-00 


10000 


100-00 


10000 


100-00 


10000 


4.   ▼.  BikUMBAUKB. 

Cellulose  from  the  Perisperm  of  Phytelephaa, 

at  140°— 150'». 


a. 

b. 

c. 

d. 

e» 

H  

O   .... 

...     44.37 
...       6-22 
...     49-41 

•  ••• 
■  ••• 

43-57 

§-27 

60-16 

M.. 

.... 

43-65 

6-31 

50-04 

•  ■•• 

•  •*• 

•  ■•• 

45-73 

6-32 

47.95 

•••• 

•  ••• 

•  ••• 

43-63 

6-30 

5007 

100-00    ....  100*00    ....  100-00    ....  10000    ....  10000 
Cellulose  from  the  Shell  of  Cocos  nucifera. 


at  120'.        at  120^ 
/•  y. 

C    52-99     ....    47*19 

•    H   5*88     ....      609 

O  41-13     ....     46-72 


at  160^        at  130**.        at  125*'. 
h.  i.  k, 

46-32    ....    46-27     ....    4373 

6-01     ....       5-81     ....       6-11 

47-67  ....  47-92  ....  50*16 


100*00  ....  100.00  ....  100*00  ....  100*00  ....  100-00 

Cellulose  from  Cocos  lapidea. 
at  140^ 


C ,     52-21     ....     49-82     ....    4981 

H 5-80     ....       601     ....       5-93 

0 41-99     ....     44-17     ....     44-26 

0. 

....    44-19 
....       6-24 
....     49-57 

100-00     ....  100-00    ....  100-00    ....  100-00 

Cellulose               Cellulose                         Cellulose 
from                       from                                  from 
Peach-kemels.         Walnut-shells.                   the  Skin  of 

Cytina  Labtamum, 
fl<140°.                  «/140'.       «M40».        aneo**.        a/ 160^ 

V/       .... 

H  .... 
O   .... 

p*                ?.                  r.                   #.                  t,                  tt. 

52-20  ....     6213     ....     52-22     ....     49*11     ....     45-84     ....     4475 

5-83  ....       6-01     ....       6-91     ....       5-97     ....       6-84     ....       6-ll 

41-97  ....     41-86     ....     41-87     ....     44-92     ....     48*32    ....     49*14 

100-00  ....  10000    ....  100-00    ....  100-00    ....  10000    ....  100-00 
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T.  Baumhaubr. 


Cellulose 

from  the  Skin  of 

Uimus  tampestris* 


at  140^ 
r. 
C      49-A3 
H       5-98 
O     44-49 


fl/160^  at  160". 


Cellulose 
from  the  Skio  of 
Idriodendron  tuUpifera, 

c/l60^ 


5.  Blondbau 

^        DB  CaRROLLBS. 

Flax.  Cotton. 


10. 
46-74 

5-73 
47-53 


X, 

43*81 

608 

50-16 


at  140^ 

47-76 

5-89 

46-35 


at  160". 
%. 
45-00 
5-80 
49-20 


aa, 

44*12 

611 

49-77 


at  HO**. 

56.  ce. 

45*14       43-95 

6-40         6-24 
48-46       49-81 


at  140*. 

40*59 

6-66 

52-75 


10000     100*00     10000     100*00     100-00     100-00     100-00     100-00       100-00 


•^ 


C 

H 
O 


6.    MULDBR. 


Agave  americana. 


Spiral- 
fibres. 
at  130^ 
a. 

,     47-65 

6-04 

.     46*31 


Cells  of 
Bass-fibres. 

....     46.98 

....     6-n 

....     46-91 


Elder-pith.  Phytolacca 

from  the      Intemodes.  decandra, 
Intemodes.  Pith. 

at  140^ 
c.  d,  e. 

..     49-28     ....     46-38     ....     45*84 

6-01     ....       6-01     ....       6-07 

..     44*71     ....     47-61     ....     4809 


Thorns  of 
Cirsium 
triacanthu. 
at  135°. 

/. 
...     48-44 
6*99 
.     44-57 


10000 


100-00 


100-00 


100-00     ....  100-00 


100-00 


7.    RoCHLBDER    &    HblDT. 


Evemia 
pruna' 
stri.  • 
a. 

C  ....  46-01 
H  ....  6-63 
O  ....     47-36 


Lichen 

rangi- 

formu, 

b. 

46-28 

6.75 

46-97 


Cellulose  from 
Usnea 
harbat. 


c, 

46-47 

6*67 

46*86 


^ 


Ramelina 
calicarit. 

d. 

.  45-76 
.  6-78 
.     47-46 


Parmetid 
parietia, 

e. 

45-88 

6-55 

47-57 


8.    ROCHLBDBR. 

Cellulose 
from 
Coffee-berry. 
at  130'. 

4707 

6-53 

46-40 


100-00    ....  100-00     ....  100*00     ....  10000     ....  10000 

9.    SCUAVFNER. 


100*00 


Elder-pith. 


Pith  of  Burdock-root. 


at  100'. 
a. 
C     43*81 
H       6-40 
O    49-79 


at  150^ 
b. 

47*80 

6*00 

46-20 


at  210^ 
c. 

5109 

5*59- 

43-32 


at  100^ 
d. 

45*45 
6-13 

48-42 


at  150^ 

e. 

48*10 

5-95 

45*95 


at  210°. 

/. 

51-39 

5-40 

43-21 


Sunflower- 
pith. 

at  100^ 

9- 
44*75 

6*62 

48-63 


100-00     ....  100*00     ....  100-00     ....  100-00     ....  10000     ....  100-00     ....  100-00 

10.  Chodkew.  11.  Gladstone.  12.  Ransoms. 


Pulp  of  Apple,  at  115°. 


a. 
Vf ....  45*o9 
H...     6-27 
O....  47-84 


b. 
45-92 
6-28 
47*80 


c. 
45-94 
6*25 
47-81 


.... 

.... 


Pulp  of 
Turnips. 
at  115'. 

d. 
45-97 

6*73 
47*30 


Cotton. 


Cotton. 


100-00 


100-00 


100*00    ....    100-00 


44-37     44-20 

7-24     7-04 

48*39     48*76 

100-00     100*00 

k2 
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13.  Schmidt  & 
Heckbb. 

Cotton. 

43-27     .... 

6-30     .... 

50-43     .... 

14.  Pbttbi 

KOFBB. 

Cotton. 

...t      44  o        ... 
....        O  &         ... 
....      4.1  ■■         ... 

C-     15.  MXTSCHB&LICH. 

• 

Swedish  Paper. 
at  140*. 

16.  Knop& 
schnbdek- 

11  ANN. 

CelluloBe  from 

Cetrar,  i$land, 

at  80«. 

c. 

H 
O. 

a,                 0, 

44-22     ....     45'82     .. 

6-23     ....       6-25     .. 

49-56    ....     47-93 .  .. 

43-4 

6*4 

50-2 

] 

100-00     .... 
17. 

....  100-00    10000    ....  100-00    .. 

SCHLOSSBBRGBR    &    DoPPINO. 

100-00 

r 

Cellulose 

from  Cork 

at  100'. 

a. 

...     44-91 

...       6-05 
...     49*04 

Polyporu» 

fomentar, 

at  100*. 

4.'i-.'i7     

Da€d,  querc,            Polyporua  deatruct, 
at  100^ 

c 

c.                      '^  d, 

•     49-5*      ..M 4o-Uo 

.       6-31     6*24 

e. 

43-92 

6*82     

6-65 

o.... 

47-81     

.     48-17     50-68 

4943 

100-00 

100-00     

.  100-00    100-00 

100-00 

18.  F. 

SOHULZB. 

c   

XI  ..... 
o 

Swedish 
Paper.        Cotton. 

a.                h, 
...  44-10  ....     41-16 
...     6*38  ....       6*09 
...  49*52  ....     52-75 

Flax, 
c. 

••••       44  ijv    .... 

....      0  y/  •••• 
....     49-68  .... 

Cellulose  from 

Straw.          shells.        beam.         oak. 
d,                 e,                /.             ff. 
44-58  ....     4411  ....     i2*71  ....    4451 
5*99  ....       6-03  ....       605  ....       600 
49*43  ....     49  86  ....     51*24  ....     49*49 

ioo*ce 

F. 

....  10000 

SCEIULZE. 

....  100-00  .... 

100-00  ....  10000  ....  100-00  ....  lQD-00 
19.  Erduann.  20.Bbcbaicp.  21.  Wbbbb. 

Alder. 
h.  t. 

C  43-96  ....  48-70  .... 
H  5*96  ....  6-20  .... 
O  50-08  ....    45-10  .... 


From  From  a 

Cellulose.      Gnn-ootton.  Wasp's-nest. 


Cellulose  from 
Acacia.        Pine. 

44-29  ....     44-54  44*05  43*3     62*55 

6-09  ....      6-00  6-26  63    797 

49*62  ....     49*46  49-69  504     39*48 


100*00  ....  100-00  ....  10000  10000  10000  100*00* 


All  the  analyses  are  calculated  after  deducting  the  ash. 

2.  Payen  {N,  Awn.  Se.  nat,  Bot.  11,  21  and  27;  14,  73)  :  a — i,  natural  cdlulose 
in  the  young  state ;  k,  twice,  /  and  m,  once  purified  after  preparation  by  method  1 ;  n 
by  means  of  nitric  acid ;  0  prepared  by  method  1 ;  p  obtained  by  extraction  with  aqueous 
ammonia,  hydrochloric  acid,  alcohol  and  water;  q  by  similar  treatment  after  previous 
CTaporation  to  dryness  with  aqueous  potash ;  r  and  «,  by  extraction  with  water,  aqueous 
ammonia,  potash,  hydrochloric  add,  alcohol  and  ether ;  ti  by  method  1,  treated  with 
chlorine  gas;  t  in  like  manner,  but  not  treated  with  chlorine ;  v.  by  method  1,^  by  8, 
^  and  y  hy  9\  z  and  a  a  prepared  by  10  ;  b  b  purified  by  mechanical  means. 

3.  Promberg,  (/.  pr.  Chem.  82,  198)  :  a,  e,  e,  ff,  t,  by  once,  ^,  d,/,  A,  it,  by  twice 
treating  the  corresponding  vegetable  matter  with  aqueous  soda,  hydrochloric  acid,  ether, 
and  alcohol  in  succession. 

4.  v.  Baumhauer  (J.  pr,  Chem,  32,  204,  and  21C)  :  a  by  exhaustion  with  ether, 
alcohol,  and  water ;  b  further  treated  several  times  with  glacial  acetic  acid,  washed  with 
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hot  alcohol  and  water ;  c  —  e  were  prepared  from  the  suhstance  used  for  analysis  a:  viz.  e 
by  prolonged  treatment  with  boiling  aqneoas  ammonia,  and  washing  with  boiling  water, 
glacial  acetic  acid t  water  and  alcohol, —  d  by  exhaustion  with  hot  weak  soda-ley,  and 
washing  with  boiling  hydrochloric  acid,  warm  water,  alcohol  and  ether,  —  e  by  repeated 
treatment  with  potash -ley,  glacial  acetic  acid,  water,  alcohol  and  ether. — f  was 
obtained  like  a,  and  by  subseqaent  treatment  yielded  ff  —  k:  viz.  g  by  steeping  in  cold 
dilate  soda-ley,  h  by  eight  days'  digestion  therewith,  t  by  twice  steeping  in  cold  con- 
centrated potash-ley,  each  time  for  several  weeks  ;  ff,h,  and  r  were  then  further  exhausted 
with  water,  glacial  acetic  acid,  boiling  water,  alcohol  and  ether;  k  was  prepared  from/ by 
treatment  with  chlorine,  cold  water,  boiling  water,  alcohol  and  ether.  Similarly  /  was 
obtained  in  the  same  manner  and  treated  like  i,  once  for  the  preparation  of  m,  twice  for  that 
of  n.  /  treated  like  k  yielded  o. — p  and  r  were  obtained  by  eihaostion  with  ether,  alcohol, 
boiling  water,  and  hydrochloric  acid,  and  p  treated  like  t  yielded  the  substance  q. — «,  o, 
y,  obtained  by  exhaustion  with  ether,  alcohol,  boiling  water  and  hydrochloric  acid,  yielded 
t,  w,  z  by  treatment  with  chlorine,  cold  water,  boiling  water,  alcohol  and  ether,  and  u , 
d7,  a  a,  by  five  days*  steeping  in  strong  potash-ley,  washing  with  cold  and  hot  water,  treat- 
ment with  chlorine  and  washing,  b  b  was  treated  with  boiling  water  and  hydrochloric 
acid,  c  c  then  farther  with  strong  potash-ley,  chlorine,  water,  alcohol  and  ether. 

5.  Blondeau  de  Carrolles  (Rev,  tcieni.  14,  476).  —  6.  Mulder,  a — /prepared  ac- 
cording to  2. —  7.  Rochleder  &  Heldt,  a  —  e  according  to  8.  —  8.  Rochleder,  according 
to  7. —  9.  SchafTner,  according  to  6. 

10.  Chodnew.  a  prepared  by  washing  with  water,  alcohol  and  ether;  b  by  exhaus- 
tion with  dilute  sulphuric  acid ;  c  by  treatment  with  aqueous  potash,  weak  hydrochloric 
acid,  water,  alcohol  and  ether. —  11.  Gladstone  (Mem,  Chem.  Soc,  3,  412).  12.  Ran- 
some  (PAH.  Mag.  J.  30,  4).  — 18.  Schmidt  &  Hecker  (J.  pr,  Chem.  40,  257).— 
14.  Pettenkofer  (AUg.  Zeitung,  12  Dec.  1846). — 15.  Mitscherlich,  b  somewhat  decom- 
posed.— 16.  Knop&  Schnedermann  (/.  pr.  Chem,  40, 386)  prepared  by  8.— 17.  Schloss- 
berger  &  Dopping  (Ann,  Pharm.  52,  113),  a  by  11 ;  d,  c,  e  by  exhaustion  with  hot 
water,  weak  aqueous  potash,  hydrochloric  acid  and  alcohol ;  (f  as  it  occurs  in  nature. — 

18.  F.  Schnlze.     a  commercial  paper   washed;    b  —  /   prepared   according  to  5. — 

19.  Erdmann.  Cellulose  separated  by  alcohol  from  a  solution  of  cotton  in  aqueous 
cuprammonia. —  20.  B^champ  (Compt.  rend.  37,  134;  Inei.  1853,  261).  Cellulose 
prepared  from  gun-cotton,  by  means  of  a  solution  of  protocbloride  of  iron.  —  21.  Weber 
(Pharm.  Vierteij.  7,  538;  Pharm.  Cenir.  1858,  864):  from  a  wasp's  nest  (corres- 
ponding to  the  formula  C'H^O*). 

Thecomposition  of  cellulose  corresponds  to  the  formula  C"H»OW  (Pkyen)  j  C9*H»02» 
(MitscherKch,  Gerhardt,  Schulze) ;  CWHMQ"  (Gay-Lus«ic  &  Th6nard);  C^HWOW 
(Proust)  ;  C»H«>0»  (Rochleder  &  Heldt) ;  C^IF^O^  (Mulder,  v.  Baumhauer,  Knop  6c 
Schnedermann). —  According  to  Reade  (Lond,  Ed,  Mag.  J,  11,  421)  the  spiral  vessels 
of  plants  differ  in  composition  from  cellular  tissue. 

Decompositions.  1.  Cellulose  remains  unaltered  at  common  tempe- 
ratures in  C&7  air,  but  in  jnoist  air  it  rapidly  passes  into  dec$iy  and 
putrefaction  (see  Wood,)  —  2.  By  dry  distillation  it  turns  brown  and  then 
black,  without  fusion  or  sensible  tumefaction  ;  emits  an  empyreumatic 
odour ;  yields  a  limpid,  ultimately  brown  distillate,  consisting  of  water, 
wood-spirit,  empyreumatic  oil  and  vinegar,  at  the  same  time  giving  off 
combustible  gases ;  and  leaves  a  carbonaceous  residue  which  burns 
easily  and  completely  in  contact  with  the  air.  —  The  pith  of  the  elder 
tree,  of  sunflower  stalks,  and  of  burdock  roots  turns  brown  at  210^ 
and  becomes  somewhat  tough  (Schaffner) ;  cellulose  after  being 
browned  by  heat  is  less  hydroscopic  than  before  (Rumford) ;  even  cel- 
lulose prepared  from  coffee-beans  smells  when  heated  like  that 
separated  from  wood  and  not  like  burnt  coffee.  (Rochleder.)  — 
Linen  fibre  carefully  heated  in  a  glass  tube  till  it  turns  yellow,  be- 
comes thinner  and  more  shining  than  cotton,  which,  when  similarly 
treated,*  becomes  more  distorted  and  woolly  (this  character  may  serve 
for  the  detection  of  cotton  in  linen).  (Bottger,  J.  pr,  Chem.  30,  257 ; 
Ann.  Pharm.  47,  829.) 

3.  Cellulose  when^e^  on  fire  bums  with  flame  and  without  leaving 
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any  residtie.  —  Cotton  saturated  with  aqueous  chlorate  of  potash  bums 
away  like    gunpowder.     (Dumas,    CompL  rend,   23,   984.)    Cellulose 
mixed  with  potassium  or  sodium  bums  with  a  bright  light  and  leayes 
charcoal.     (Gay-Lussac  &  Th^nard.)  —  Paper  soaked  in  a  solution  of 
1  pt.  pearl -a'sh  in  4  pts.  water,  or  linen  or  cotton  cloth  soaked  in  a 
solution  of  1  pt.  pean-ash  in  2  pts.  water,  and  then  dried,  chars  when 
held  in  a  flame,  but  does  not  take  fire.     (EirchhofF,  Scher.  Nord.  BL  1. 
122.)  —  Cloths     repeatedly    steeped    in    alum-solution    and     then 
moistened  with  ammonia,  or  steeped  in  chloride  of  calcium  solution, 
and  then  treated  with  carbonate  of  potash,  are  difficult  to  set  on  fire ; 
and  cloths  steeped  in  subacetate  of  lead,  and  afterwards  moistened 
with  sal-ammoniac,  ammonia,  or  alum,  will  not  take  fire  at  all,  but 
when  held  in  a  flame,  merely  glimmer  away  like  tinder.    (Morin,  J. 
Phann.  27,  296 ;  J,  pr.  Ckem,  24,  281.)  —  The  combustibility  of  tissues 
is  diminished,  or  they  are  made  to  bum  without  flame,  by  steeping 
them  in  aqueous  solutions  of  hydrochlorate,  sulphate,   phosphate  or 
borate  of  ammonia,  orln  mixtures  of  equal  parts  of  hydrochlorate  and  phos- 
phate of  ammonia,  or  in  borax,  or  in  mixtures  of  equal  parts  of  borax  and 
sal-ammoniac.     (Gay-Lussac,  Ann,  Chim,  Phys,  18,  211 ;  Schw,  34,  245.) 
—  Tissues  are  rendered  incombustible  by  steeping  them  in  a  solution 
of  sulphate  of  zinc,  and  then  drawing  them  through  aqueous  ammonia, 
BO  that  oxide  of  zinc  is  precipitated  upon  them  (Morin),  or  by  steeping 
in  aqueous  sulphate  of  soda  (Smith,  N.  Phil,  Mag,  34,  116 ;  Dmgl,  111, 
382),  or  in  aqueous  sulphate  of  ammonia,  or  in  aqueous  tungstate  of 
soda  of  28°  Tw.  mixed  with  3  p.  c.  phosphate  of  soda.     Tungstate  of 
soda  is  the  only  salt  that  can  be  used  for  fabrics  which  have  to  be 
washed  and  ironed,  because  the  saline  film  which  it  leaves  on  the  stuff 
when  dry  is  smooth  and  glossy,  and  allows  a  hot  iron*  to  pass 
smoothly  over  its  surface,  a  condition  not  fulfilled  by  any  of  the  other 
salts  above-mentioned.     The  addition  of  phosphate  of  soda  is  to  pre- 
vent the  formation  of  an  insoluble  bitungstate.    (Versmann  &  Oppen- 
heim,  Communicatton  read  before  the  British  Association^  15  Sept.  1859  ; 
Pharm.  J.  Trans,  [2],  1,  385;  Chemical  News,  1860,  20.) 

4.  Cellulose  distilled  with  peroxide  of  manganese  and  sufyhuric  acid 
yields  formic  acid  and  a  peculiar  substance,  which  may  for  the 
most  part  be  removed  by  distillation  after  the  acid  has  been  neutral- 
ised.   (GmeUn,  Pogg.  16,  55.) 

5.  Cellulose  is  decomposed,  with  evolution  of  carbonic  acid  by 
chlorine  in  presence  of  water  and  under  the  influence  of  heat;  a 
similar  reaction  is  produced  by  hi/pochlontes.  Compare  Bostick's  statement 
with  respect  to  starch  (p.  84) —  Cotton,  raw  flax,  or  hemp  treated  for  a 
long  time  with  aqueous  chlorine  or  chloride  of  lime  becomes  pulvem- 
lent,  and,  if  heated  to  redness  after  being  washed  and  dried,  gives  off 
a  mixture  of  carbonic  oxide  and  one  or  more  gaseous  hydrocar\)ons 
C'll*.  (Morin,  Ann.  Chim.  Phys.  49,  311 ;  BuU.  univers,  60,  337 ;  Schw. 
66,  362.)— Cellulose  bleached  with  chlorine  still  retams  a  certain 
quantity  of  that  element,  even  after  careful  washing  with  water  and 
aqueous  alkali.     (Leykauf,  J.  pr,  Chem,  21,  316.)  — On  the  bleaching  of 

paper-pulp  with  chloride  of  lime,  see  Darnis  (Dinffl,  137,  376);  De  Koninck  {Dingl. 

144,  359).— By  steeping  in  saturated  chlorine-water,  and  moistening 
after  a  minute  with  excess  of  ammonia,  the  fibre  of  Phormum  tenax 
becomes  bright  red ;    Italian  hemp,  orange-yellow,  darker  after  a 


CBLLULOSE.  135 

minute ;  French  hemp,  after  rotting'  in  tanks,  darker,  but  not  so 
strongly  coloured  as  the  fibre  of  Phormium  tenax,  French  linen  is 
less  deeply  coloured  than  hemp;  cotton  but  very  slightly.  (Gaudi- 
chaud ;  Payen ;  Boussingault,  CompU  rend.  29,  492.) 

6.  By  dry  iodine,  moist  cellulose  is  decomposed  at  150°,  with  evolu- 
tion of  carbonic  acid,  in  the  same  manner  as  by  chlorine.  —  Cellulose 
is  not  coloured  by  an  aqueous  solution  of  iodine  (Payen,  Schleiden) ; 
but  it  is  blued  if  subsequently  treated  with  oil  of  vitriol  (Payen, 
Schleiden,  Schacht),  or  if  previously  boiled  with  potash  (Schleiden, 
MitBcherlich) ;  also  if  subjected  to  the  action  of  a  solution  of  chloride 
of  zinc  and  iodine  (F.  Schulze,  Schacht,  Radlkofer) :  see  Decompositioiu  by 

oil  of  Titriol,  potash  and  chloride  of  zinc. 

The  cellular  tissue  of  the  following  plants  is  directly  blued  by 
aqueous  iodine:  Cetraria  islandica  (Meyer);  the  embryo  cells  of 
Scholia  latifolku  Sch.  spectosa^  Ht/mencea  Courbaril,  Mticuna  urens,  and 
Tamarindus  inmcdf  because  they  consist,  not  of  cellulose  but  of  vegetable 
amyloid  (p.  76)  (Schleiden).  Trecul  {Compt.  rend,  47,  687)  rcijects 
this  term,  and  regards  the  kind  of  cellular  membrane  which  is 
directly  blued  by  iodine  as  in  a  state  of  transition  between  amorphous 
starch  and  true  cellulose.  He  observed  the  direct  blueing  by  iodine 
in  the  cellular  tissue  of  several  phanerogamous  plants,  in  the  epidermis 
cells  and  the  lower  cuticular  tissue  of  Omithogalum  pyrenatcum,  0. 
narhonensey  O.  longibracteatumj  ScUla  autumnalis,  but  not  constantly; 
very  faintly  also  in  the  embryo-cells  of  Tamarindus  indica  and  Mucuna 
urens;  of  various  degrees  of  intensity,  but  always  distinct,,  in  the 
albumen-cells  of  Iris  psuedo-acorus,  L  sibirica,  &c.,  TuUpa  aylvcstrisy 
Orniihogalum  pyrendicum,  0.  longibracteatum,  0.  narhonense,  &c.,  Moroh 
iridioidlsy  Agraphia  campanulata,  &c.,  Hyacinthus  orientalisy  Uropetalum 
scrotinum,  Gladiolus  psittacusy  Muscari  racemosunif  Cypella  plumhea^ 
Scilla  amomay  &c.,  BellevaUa  romance  Polygonatum  latifolrum,  &;c.,  As' 
paragus  amarusy  Libertia  paniculatoy  &c ;  on  the  other  hand,  the 
embryo-cells  of  Hymencea  Courbaril  were  not  blued,  and  those  of  Iftm- 
iisq)8  Kummel  only  after  boiling  for  a  short  time  with  water. 

7.  By  immersion  in  strong  nitric  acid,  or  in  a  mixture  of  nitric  acid 
and  oU  of  vitriol,  or  of  nitre  and  oil  of  vitriol,  cellulose  is  converted, 
without  dissolving  or  undergoing  any  alteration  of  form,  into  a  mix- 
ture of  several  explosive  nitrogenous  compounds,  called  gun-cotton 
or  pyroxylin.— More  dUute  nitric  acid  corrodes  ceUulose,  producing 
substances  allied  to  or  identical  with  starch,  gum,  pectic  acid,  and  malic 
acid,  and  dissolves  it  after  prolonged  boiling,  in  an  entirely  decomposed 
state,  producing  apparently  oxalic  and  suberic  adds. 

On  the  formation  of  |;un-cotton  (see  pnge  168.) 

Cotton,  linen,  or  paper  immersed  for  two  or  three  minutes  in  nitric 
add  of  sp.  gr.  1*5  acquires  the  texture  of  parchment  and  is  rendered 
impervious  to  light  and  water,  because  it  becomes  covered  with  a  film 
of  xyloidin  (p.  106). 

raper  immersed  in  cold  strong  nitric  acid  swells  up  to  a  jelly ,"which 
gives  a  blue  colour  with  iodine  on  isolated  spots,  and  therefore  contains 
starch ;  if  the  paper  is  sufficiently  decomposed,  it  leaves,  after  washing 
with  water — ^which  appears  to  dissolve  malic  acid — a  translucent 
brownish,  compact,  homy  mass,  which,  when  heated,  softens,  swells 
up,  and  leaves  a  shining  charcoal.  (Gmelin). 

Flax  and  paper  become  gelatinous  by  four  days'  immersion  in 
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fuming  nitric  acid,  nitrous  gas  being  at  the  same  time  evolved;  after 
washing  with  water  and  aqueous  ammonia,  the  flax  is  yellow,  the 
paper  colourless,  and  both  have  the  composition  and  stnicture  of 
woody  fibre,  — whence  it  appears  that  the  acid  has  merely  removed 
foreign  matters,  without  converting  the  woody  fibre  into  xyloidin. 
(Mulder,  J.pr,  Chem.  39,  150). 

By  immersion  for  a  few  seconds  in  nitric  acid  of  ordinary  strength, 
hemp  appears  pale  yellow,  fiax  remains  unaltered,  New  Zealand  hemp 
{Phormium  tenax)  immediately  becomes  blood-red ;  the  latter  coloration 
is  produced,  even  after  bleaching  or  after  the  fibre  has  been  treated  with 
aqueous  potash.  This  reaction  may  therefore  serve  for  the  detection 
of  New  Zealand  hemp-fibre  in  fabrics.  (Vincent,  CompU  rend,  24,  542). 
— The  fibres  of  the  following  plants  are  coloured  pale-red: — Cocos  nuce- 
fera  and  C  aurara  ;  several  species  of  Cordyliney  Pandanus  and  Agave ; 
Maurilia  fiexuoaa;  several  species  of  Cissus;  PhiUandriun  aquaticum^ 
Raphanus  aattvus;  Abaca  horn  Manilla ;  two  species  of  Protras.  (Gaudi- 
chaud;  Fayen;  Boussingault,  Comptrend,24, 542). — The  colouring  is  due 
to  the  incrusting  substances.  (Vincent.)  Cotton  is  scarcely  or  not  at  all 
coloured  by  nitric  acid,  whereas  animal  fibres  are  coloured  perma- 
nently yellow.  This  reaction  may  serve  for  the  detection  of  cotton 
in  woollen  textures.  (Bottger,  J.  pr,  Chem,  30,  257 ;  Ann.  Pharm.  47, 
829.) 

Swedish  paper  is  not  at  all  decomposed  by  immersion  in  cold  nitric 
acid  of  sp.  gr.  1*2,  and  but  slightly  in  the  acid  heated  to  100** 
(Mitscheruch). — ^Deal-shavings  bofled  with  10  pts.  commercial  nitric 
acid  and  2  pts.  water  as  long  as  red  vapours  are  evolved,  are 
converted,  with  simultaneous  formation  of  oxalic  acid,  into  a  white 
pasty  mass  which,  according  to  Saco  {N,  Ann,  Ckim,  Phys,  25,  218)  is 
poetic  acid,  according  to  Porter  {Ann.  Pharm.  71,  115),  a  peculiar  acid 
different  from  pectic  add.  (see  PecHcadd). 

8.  By  oil  of  vitriol  woody  fibre  (cotton)  is  first  rendered  porous, 
then  dissolved,  and  the  solution  yields  with  water  a  gelatinous  pre- 
cipitate insoluble  in  water  and  destitute  of  optical  rotatory  power. 
By  prolonged  immersion  in  the  solution,  this  substance  is  converted 
into  a  second  gelatinous  mass,  also  non-rotatory,  but  soluble  in  water 
(soluble  woody  fibre) ;  subsequently  wood-dextrin  is  formed,  a  sub- 
stance having  much  less  rotatory  power  than  dextrin  from  starch,  and 
converted  into  sugar  by  boiling  with  dilute  sulphuric  acid.  (Bechamp, 
Compt.  rend.  42,  1213 ;  N.  Ann.  Chim.  Phys.  48,  461 ;  Ann.  Pharm.  100, 
367 ;  J.  pf\  Chem.  69,  449). — Woody  fibre  heated  with  moderately 
concentrated  sulphuric  acid  is  first  converted  into  gum,  and  at  the  same 
time  into  sulpholignic  acid  ^Braconnot);  first  into  dextrin  (Payen, 
N.  Ann.  Sc.  not.  Bot.  10,  85),  first  into  starch  (Schleiden,  Mitscherlich), 
then  into  gum  (Schleiden),  into  dextrin  (Mitscherlich),  and  finally — 
by  digestion  of  me  solution  diluted  with  water-4nto  sugar.  (Bracon- 
not.)  The  first  product  is  a  peculiar  substance,  Wackenroder's  arti- 
ficial starch  {N.  Br.  Arch.  47,  170),  then  amyloid,  and  then  dextrin. 
(Schacht,  N.  Br.  Arch.  47,  157). — ^Amorphous  cotton-fibre  separated 
by  solution  of  common  salt  from  its  solution  in  aqueoua  cupram- 
monia,  is  converted  into  sugar  by  boiUng  sulphuric  acid,  half  an 
hour  sooner  than  cotton  in  its  original  organised  state.  (Schlossberger, 
Ann.  Pharm.  110,  247.) — Cellulose,  prepared  from  coffee-beans,  is  con- 
verted by  36  hours'  boiling  with  moderately  strong  sulphuric  add,  only 
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into  a  mass  which  dissolves  partially,  with  dark  colom',  in  water. 
(Rochleder.)  When  linen  or  paper  is  heated  with  water  containing 
sulphuric  acid,  in  a  Papin's  digester,  to  a  temperature  short  of  200°, 
only  a  small  portion  of  it  becomes  soluble,  and  is  converted  into  sugar. 

(Gmelin.) — On  the  preparation  of  sugar  and  alcohol  from  sawdust,  with  sulphuric 
acid^  see  Amould  {Compt.  rend,  39,  807  ;  Insi.  1854^  366). 

In  consequence  of  these  alterations,  cellulose  which  has  been 
treated  with  sulphuric  acid,  assumes  with  iodine,  a  violet,  a  blue,  and 
ultimately  a  wine-red  colour.  Very  young  cellular  tissue  is  not 
coloured  blue  by  iodine  after  treatment  with  oil  of  vitriol,  because  it 
does  not  yet  consist  of  true  cellulose  or  woody  fibre ;  older  cellular 
tissue  is  blued  immediately  under  the  same  circumstances,  and  whereas 
young  cellular  tissue  treated  with  iodine  and  strong  sulphuric  acid, 
often  turns  brown  immediately,  without  blueing,  older  tissue  requires 
to  be  treated  with  concentrated  sulphuric  acid  before  it  will  give  a 
blue  colour  with  iodine ;  very  old  tissue  requires  even  to  be  treated 
with  aqueous  potash,  before  it  will  give  the  reaction  with  iodine  and 
sulphuric  acid.  (Trecul,  CompU  rend,  47,  688.)— Cellular  tissue  is  turned 
blue  by  iodine,  u  it  has  been  previously  subjected  for  half  a  minute  to 
the  action  of  a  mixture  of  1  pt.  water  and  3  pts.  oil  of  vitriol 
(Schleiden ;  Liebig ;  Schacht,  N.  Br.  Arch,  14,  25) ;  if  it  be  saturated 
with  a  moderately  strong  solution  of  aqueous  biniodide  of  pota^^sium, 
and  bihydrated  sulphuric  acid  then  dropped  upon  it.  (Schleiden). 
Cotton  is  coloured  green  by  tincture  of  iodine,  if  it  has  been  previously 
macerated  with  a  mixture  of  1  pt.  oil  of  vitriol  and  2  pts.  water ;  dark 
blue,  if  previously  treated  with  a  mixture  of  2  pts.  oil  of  vitriol  and 
1  pt.  water.  (Reinsch).  Amorphous  cellulose  separated  from  aqueous 
cuprammonia,  by  means  of  common  salt,  acquues  a  fine  violet  or 
wine-red  colour  without  previous  treatment  with  sulphuric  acid,  and 
if  moistened  with  a  drop  of  oil  of  vitriol,  and  then  treated  with  iodine, 
it  exhibits  a  splendid  blue  colour  (Schlossberger,  Ann.  Pharm,  110,  247). 

The  acid  solution  separated  by  filtration  from  cellulose  altered  by 
sulphuric  acid,  turns  iodine  blue,  and  contains  a  body  which  is  thrown 
down  by  water  in  white. flocks,  and  by  alcoholic  iodine  as  a  dark  blue 

Erecipitate  (soluble  cellulose  ?  Schw.).      (Liebig,  Reinsch.)  —  After  cotton 
as  been  treated  for  an  hour  with  oil  of  vitriol,  the  acid  is  no  longer 
precipitated  by  water.    (Mulder,  J.pr,  Chein,  39,  152.) 

Cellulose  treated  with  oil  of  vitiiol  is  not  coloured  blue  by  alcoholic 
iodine,  if  it  has  been  previously  immersed  in  water  (the  iodine  in  this  case 
being  merely  separated.)  (Liebig.)  The  blued  cellulose  loses  its  colour 
when  heated  with  water,  and  does  not  recover  it  on  cooling  or  after 
gradual  addition  of  iodine  (Liebig);  it  loses  its  colour  in  a  large 
quantity  of  water  (Mulder),  especially  if  triturated  with  a  considerable 
quantity  of  water,  and  then  appears  rotten ;  treated  with  water  and 
alcoholic  iodine,  it  turns  brown,  from  precipitation  of  iodine;  after 
being  treated  with  oil  of  vitriol  mixed  with  1|  pt,  water,  it  is  not 
blued  again  by  alcoholic  iodine,  but  is  decolorised  by  a  large  quantity 
of  water,  provided  however  the  action,  of  the  oil  of  vitriol  has  not  gone 
beyond  a  certain  limit  (ReinschV —  tliat  is  to  say,  provided  unaltered 
ceUulose  is  still  present.    (Gm.) 

The  blueing  of  cellulose  which  has  been  treated  with  sulphurig 
acid,  by  iodine,  is  due  to  the  formation  of  starch  (Schleiden,  Schacht, 
Reinsch,  Mitscherlich) ;  it  is  no  proof  of  the  formation  of  starch,  but 
results  from  the  formation  of  a  body  soluble  in  the  acid  but  precipitated 
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by  water,  and  on  which  the  iodine  is  mechanically  deposited  as  on 
starch.     (Liebig,  Ann,  Pkarm.  42,  308.) 

On  the  behaviour  of  cellulose  (cotton)  when  treated  with  oil  of  vitriol  and  Iodine 
under  the  microscope,  see  Schacht  (N.  Br,  Arch,  47,  157) ;  Payen  (Compt  rend.  23. 
!)99) ;  Mitscherlich. 

Cellulose,  before  dissolving  in  oil  of  vitriol,  swells  up  and  becomes 
translucent.  —  This  property  may  be  appUed  to  the  detection  of  linen 
and  cotton  threads  in  woollen  stuffs :  when  such  stuffs  are  immersed 
for  a  quarter  of  an  hour  in  oil  of  vitriol,  the  linen  and  cotton  fibres 
swell  up  to  a  pasty  mass,  while  the  woollen  threads  remain  imaltered. 
(Bottger,  /.  pr,  Chem.  73,  498.)  —  Further,  as  cotton  dissolves  in  oil  of 
vitriol  more  quickly  than  linen,  the  admixture  of  cotton  with  linen 
may  be  recognised  as  follows.  The  cloth,  after  repeated  washinff  with 
rain-water,  boiling  with  water,  and  drying,  is  immersed  for  ^  to  2 
minutes  in  oil  of  vitriol,  then  cautiously  squeezed  under  water  with 
the  fingers,  washed  with  water,  dipped  for  a  few  seconds  in  solution  of 
carbonate  of  ammonia,  potash  or  soda,  and  dried,  after  washing  with 
water,  and  drying  between  bibulous  paper.  By  this  treatment  the 
cotton  fibres  are  dissolved,  while  the  Unen  fibres  are  merely  rendered 
thinner  and  more  translucent,  according  to  the  duration  of  tne  experi- 
ment ;  the  cotton-fibres  also  become  transparent  after  a  short  immersion, 
while  the  linen  fibres  are  still  white  and  opaque.  (Kindt,  Ann,  Pharm. 
61,  253.) 

When  paper  is  immersed  for  half  a  minute  in  oil  of  vitriol  of  66** 
and  immediately  washed,  first  with  pure,  then  with  sUghtly  ammonia- 
cal  water,  a  substance  very  much  like  parchment  is  obtained :  the 
Paptfrine  of  Poumarede  &  Figuier  {Mint,  sur  le  Ligneux  et  sur  quelqties 
produits  qui  ltd  sont  isomerei,  Paris,  1847), —  the  Vegetable  parchment  of 
Hofmann  and  Warren  De  La  Rue  {Ann,  Pharm,  112,  243 ;  J.pr,  Chem, 
78, 488). —  This  substance  is  prepared,  according  to  Gaine  (Ann,  Pharm. 
112,  224)  by  dipping  unsized  mper  in  a  mixture  of  ^  vol.  water  and  1 
vol.  oil  of  vitriol ;  according  to  Hof  maAn,  in  a  mixture  of  i  to  -J-  vol.  water 
and  1  vol.  oQ  of  vitriol,  and  washing  with  ammonaicaf  water.  If  the 
sulphuric  acid  is  only  slightly  weaker  the  transformation  is  very  im- 
perfect ;  and  if  the  paper  be  left  too  long  in  strong  sulphuric  acid,  or 
at  a  temperature  above  15°,  carbonisation  or  solution  takes  place. 
(Hofmann ;  compare  Reinsch  Dingl,  156,  156 ;  Chem,  Centr,  1860, 
491 ;  Dullo,  Dtngl,  158,  392 ;  Chmi.  Centr.  1860,  25.) 

Such  parchments  may  bo  formed  not  only  from  papers  containing 
flax-fibres,  but  likewise  from  those  which  contain  cotton-fibres — from 
the  latter,  indeed,  more  quickly.  (Dullo.)  They  are  homy  on  the  sur- 
face only ;  have  the  composition  of  pure  cellulose ;  five  times  the  co- 
hesion of  the  paper  from  which  they  are  produced,  and  three-fourths 
as  much  as  animal  parchment ;  offer  considerable  resistance  to  chemi- 
cal reagents ;  and  when  immersed  in  water,  even  at  the  boiling  heat, 
merely  soften  and  swell  up,  but  recover  their  original  state  when  dry. 
(Hofmann.) 

Swedish  paper,  immersed  for  4  weeks  in  oil  of  vitriol,  became  black 

and  hygroscopic,  and  contained,  after  deducting  ash,  68*04  p.  c.  C, 

^•37  H.,  and  27*99  0. ;   sulpholignic  acid  was  found  in  the  solution ; 

after  12  weeks,  it  was  converted  into  carbonaceous  matter  of  similar 

composition.    (Marchand,  J,  pr,  Chem,  35,  199.) 

Cellulose  distilled  with  oU  of  vitriol  (also  vrith  phosphoric  acid  or 
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chloride  of  tin)  yields  before  carbonisation,  a  volatile  oil,  then  foimic 
acid  (sulphurous  acid  ?  Gm.)  The  volatile  oil  smells  of  cinnamon  and 
prussic  acid.  (Emmet,  SilL  Am,  J,  32,  140 ;  /.  pr.  Chem.  12,  120.) 
By  the  use  of  sawdust  or  chaff,  Stenhouse  obtained  furfuroL  {FhiL 
Mag.  J.  18,  122  ;  Ann  Pkarm,  35,  SOL) 

9.  Cellulose  is  converted  by  strong  hydrochloric  acid,  in  the  same 
manner  as  by  oil  of  vitriol,  into  soluble  cellulose  and  wood-dextrin, 
(Bechamp.)  The  solution  of  cotton  in  fuming  hydrochloric  acid,  which 
is  precipitable  by  water,  does  not  possess  any  optical  rotatoiy  power. 
(Bechamp,  Compt,  rend,  51,  255.) 

10.  Heated  with  benzoic  acid  to  200°  for  50  or  60  hours,  or  in 
contact  with  benzoic  acid  and  oil  of  vitriol  at  ordinary  temperatures, 
cotton  forms  a  compound  similar  to,  or  identical  with  benzo-glucose. 
(Berthelot,  N.  Ann.  CMm.  Phys.  60,  111.)  —  Cotton  heated,  with 
butyric  acid  and  oil  of  vitriol  to  100°  for  50  or  60  hours,  yields  traces 
of  butyro-glucose  (Berthelot);  and  when  heated  with  stearic  acid  to 
200°  for  50  or  60  hours,  it  yields  stearo-glucose.     (Berthelot.) 

11.  Gaseous  fluoride  of  boron  blackens  cellulose  almost  instantly. 
(Berthelot,  Compt.  rend.  47,  227.) 

12.  Cellulose  heated  to  150°  for  several  days  with  concentrated 
aqueous  ammonia,  is  converted  into  a  solid,  brown,  gummy  mass, 
which  has  a  bitter  taste,  smells  when  heated  like  roast  meat,  and 
dehquesces  oh  exposure  to  the  air.  Its  solution  may  be  decolorised  by 
animal  charcoal,  and  is  precipitated  by  infusion  of  galls.  This  mass 
fused  with  sticks  of  potash  gives  off  a  quantity  of  ammonia  correspond- 
ing to  2 '5 — 3  p.  c.  nitrogen,  but  it  does  not  give  off  ammonia  when 
boiled  with  potash-ley  or  milk  of  lime.  (Schiitzenberger,  Zeitsckr.  Ch, 
Fharm.  4,  65.  —  Comp.  P.  Thenard,  Compt,  rend,  62,  444  ;  abstr.  B^p. 
Ckim.  pure,  3,  207.) 

13.  When  cellulose  is  heated  with  3  pts.  of  melting  potash  and  a 
small  quantity  of  water  for  a  long  time,  and  at  last  nearly  to  redness, 
it  gives  off  hydrogen  with  intumescence  and  without  separation  of 
charcoal,  and  forms  oxalate  of  potash.  (Gay-Lussac,  Ann,  Chim,  Phys. 
41,  398;  Pogg.  17,  171;  Schw,  58,  .87.)  — Caustic  potash  at  high 
temperatures  forms  from  cellulose,  first  formic  acid,  then  ulmic  acid. 
(Peligot,  Compt.  rend,  9. 135.)  —  Aqueous  potash  of  sp.  gr.  1*5  boiled  with 
cellulose  dissolves  it  with  brown  colour;  the  ulmic  add  con  tamed  in 
the  solution  disappears  on  heating  the  hquid  to  200°  —  225°  for  four 
or  five  hours,  oxalic,  acetic,  fonnic,  and  carbonic  acids  being  f oiined  at 
the  same  time.  100  pts.  of  sawdust  and  300  pts.  hydrate  of  potash 
yield  70  pts.  of  oxalic  acid,  which  decomposes  partially  when  the  solu- 
tion is  sti^ongly  heated.  (Possoz,  Compt.  retid.  47,  907 ;  J,  pr,  Chem, 
76,  314.)  When  paper  is  fused  with  4  pts.  hydrate  of  potash,  the  pale 
yellow  mass  which  forms  with  strong  intumescence,  contains  oxaUc 
add,  yielding  a  quantity  of  oxalate  of  lead  equal  to  46*4  p.  c.  of  the 
weight  of  the  paper.     ^Buchner  &  Herberger,  Bepert,  38,  1^9.) 

Cellulose  moistenea  with  water,  and  heated  in  a  retort  with  an 
equal  weight  of  hydrate  of.  potash,  yields  hydrogen  and  a  large 
quantity  of  wood-spirit.  (Pt^ligot,  Ann,  Chim.  Phys,  72,  208.)  —  Wood- 
shavings  and  linen  heated  in  like  manner  with  aqueous  potash  till  the 
liquid  18  evaporated  down,  give  off  a  small  quantity  of  water  and 
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cmpyreumatic  oil ;  while  the  residue  contains  acetate  of  potash  and 
a  humoi'dal  substance  precipitable  by  acids.  (Braconnot.)  The  same 
mixture  more  strongly  heated  gives  off  carburetted  hydrogen  gas,  and 
the  residue  in  contact  with  water  and  oxygen  forms  humoid  substance, 
(Chevreul,  Mem.  du  Mus.  1825,  379 ;  Sprengel,  Kastn.  Arch.  81,  170.) 
Cellulose  is  not  altered  by  boiling  with  weak  potash-ley  (Payen) ; 
by  strong  potash-ley  it  is  converted  into  starch  (Schleiden) ;  dissolved 
with  previous  intumescence  and  converted  into,  sugar.  (Barreswil  & 
Rilliet,  N.  J,  Pharm.  21,  205.)  Hence  cellulose  boiled  with  aqueous 
potash  or  with  hydrate  of  potash  acquires  a  colour  varying  from 
violet  to  blue  (Mitscherlich) ;  similarly,  vegetable  cellular  tissue  mixed 
with  aqueous  potash  and  evaporated  down  to  a  saline  crust,  loses  its 
colom-  again  when  boiled  with  water,  becomes  blue  with  iodine  only 
when  again  treated  with  potash,  and  is  finally  converted  by  treat- 
ment with  potash  into  ulmin.  (Schleiden,  ^nn.  Pharm,  42,  301.)  — 
The  property  of  linen-fibre  to  acquire  a  deep  yellow  colour  by  boiling 
with  a  mixture  of  equal  quantities  of  water  and  potash-hydrate, 
whereas  cotton  is  little  or  not  at  all  coloured  by  it,  is  applied  by 
Bottger  (J.  pr.  Chem,  30,  257 ;  Ann.  Pliarm.  47,  329)  to  the  detection 
of  cotton  in  linen. 

14.  A  concentrated  aqueous  solution  of  chloride  ofzinc^  heated  with 
cellulose,  dissolves  it  with  tumefaction,  but  without  colour,  and  con- 
verts into  a  modification  of  cellulose,  afterwards  into  sugar.  (Barres- 
wil &, Rilliet,  N.  J.  Pharm.  21,  205  ;  J.  pr.  Chem.  56,  58.) 

As  soon  as  cellulose  comes  in  contact  with  aqueous  chloride  of  zinc, 
it  is  coloured  dark  blue  by  iodine  (Barreswil  &  Rilliet) ;  hence  it  is 
immediately  blued  by  an  aqueous  solution  of  iodated  chloride  of  zinc  (F. 
Schulze),  although  no  gradual  solution  or  change  of  form  takes  place. 
(Radlkofer,  Ann.  Phm^m.  94,  332.)  —  To  prepare  the  solution  of  iodated 
chloride  of  zinc,  a  solution  of  zinc  in  hydrochloric  acid  is  evaporated  to 
a  syrup  with  excess  of  zinc ;  iodide  of  potassium  is  dissolved  in  it  to 
saturation ;  iodine  is  then  added,  and  the  liquid  is  diluted,  if  necessary, 
with  water  (Schacht,  Das  Mtkroskop,  &c.,  Berlin,  1851,  31);  or  better, 
the  neutral  syrup  is  diluted  with  distilled  water  to  sp.  gr.  1*8  at  15°, 
and  6  p.  c.  iodide  of  potassium  is  dissolved  in  it,  together  with  as  much 
iodine  as  it  will  take  up.    (Radlkofer.) 

Paper  dipped  into  a  strong  solution  of  chloride  of  zinc,  is  converted, 
in  the  same  manner  as  by  sulphuric  acid,  into  vegetable  parchment. 
(DMo^Bingl.  158,  392 ;  Chem.  Centr.  1861,  25.) 

15.  When  an  aqueous  solution  of  Uchlonde  of  tin  is  left  to  dry  upon 
cotton  or  linen,  and  then  heated  to  120°  —  180°,  the  substance  is 
blackened  in  consequence  of  the  formation  of  caramclin.  (Maumene, 
CompUrend.  30,  314;  39,  422.) 

16.  Cellulose  is  not  fermentable.  When  slices  of  fresh  potatoes  are 
immersed  in  water  at  low  temperatures,  together  with  slices  of 
putrifying  potatoes,  the  cells  of  the  fresh  potatoes  separate  from  one 
another,  and  the  filtered  water  contains  a  ferment  which  decomposes 
slices  of  fresh  potatoes  in  the  same  manner ;  the  disintegrated  cellular 
tissue  finally  dissolves,  whereas  the  starch-granules  remain  unaltered. 
The  ferment  thus  produced  acts  only  upon  cellulose ;  just  as  in  the 
potato-disease,  only  the  cellulose  is  attacked. 
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Combmationa.    Cellulose  is  insoluble  in  water. 

With  Bases. — Woody  fibre  (linen)  absorbs  from  70  —  100  volumes 
of  ammonia  gas.  (Walter  Crum,  Ann.  Pharm.  65,  221;) 

Cellulose  with  Potash,  When  calico  is  immersed  for  10  to  30  minutes 
in  syrupy  potash-ley,  and  then  washed  with  alcohol  of  sp.  gr.  0*825,  it 
shrinks  on  drying  to  yVj  ^^^  contains  1472  p.  c.  potash,  corresponding 
to  the  formula  C"H«>0»,KO  (calc.  14-59  p.  c.)  Gladstone.  (Chem.  Soc. 
Qu.  J.,  5,  17.) 

Cellulose  with  Soda, — ^When  calico  is  immersed  for  10  —  30  minutes 
in  soda-ley  of  sp.  gr.  1*342,  and  then  washed  with  hot  alcohol  of 
sp.  gr.  0*825  it  shrinks  by  one-fourth  on  drying,  and  contains,  on  the 
average  9*68  p.  c.  soda,  corresponding  to  the  formula  C**H*X}*,  NaO 
(calc.  9*65  p.  c).  Common  unwoven  cotton  forms  a  similar  compound ; 
prolonged  immersion  or  the  use  of  stronger  soda-solution  appears  to  pro- 
duce partial  solution  and  decomposition.  Cotton  likewise  unites  with 
soda  in  other  proportions,  but  never  with  a  greater  quantity  than  that 
contained  in  the  compound  above-mentioned.  Water  extracts  all  the 
soda  from  the  compound,  leaving  a  more  contracted  fibre,  which,  when 
dried,  has  a  more  brilliant  aspect  than  ordinary  woody  fibre.  (Glad- 
stone, Chem,  Soc,  Qu,  J.  5,  17 ;  J,  pr,  Chem,  56,  247.)  1"-  Cotton 
passed  through  a  solution  of  caustic  alkali  of  35° — 39°  Bm.,  then 
washed  in  water,  in  dilute  sulphuric  acid,  and  again  in  water,  contracts 
both  in  length  and  breadth,  acquires  increased  tenacity,  and  takes 
colours  much  better  than  ordinary  cotton.  The  amount  of  alteration 
varies  according  to  the  strength  of  the  solution.  The  same  effect  is 
produced  by  sulphuric  acid  of  48°  Bm.  at  37*5°,  and  by  chloride  of  zinc 
solution  of  64**  Bm.  at  65°— 71^°.  (Mercer,  Pep.  Patent,  Invent,  1851, 
358 ;  Dingl,  121,  438  ;  Lieb.  Kopp,  Jahresher.  1851,  747.)     f . 

Cotton  does  not  separate  alumina  from  solution  of  alum  or  acetate  of 
alumina^  Walter  Crum,  Phil,  Mag.  35,  334  ;  J,  pr,  Chem,  50,  123  ;  Erd- 
mann  &  Mittenzwey) ;  but  if  the  solution  of  acetate  of  alumina,  ferric 
acetate,  or  other  salt  containing  a  volatile  acid  is  left  to  dry  upon 
cotton,  the  salt  is  decomposed  after  a  short  time,  the  acid  volatilises, 
and  the  base  is  precipitated  on  the  cotton  in  so  close  a  state  of  union, 
that  it  cannot  be  removed  by  washing  with  water.  This  combination 
is  merely  mechanical,  and  is  limited  to  the  inner  surface  of  the  cotton- 
fibres  forming  a  tube.  (Walter  Crum,  Ann.  Pharm,  55,  223). — The 
structure  of  cotton  has  no  influence  on  its  relation  to  the  solutions  of 
metallic  salts ;  organised  cotton  digested  for  24  hours  with  cold-satu- 
rated aqueous  solution  of  alum  at  40°  —  50°,  took  up  no  sulphuric 
acid,  and  only  tmces  of  alumina ;  amorphous  cellulose  separated  from 
an  aqueous  solution  of  cuprammonia  did  not  take  up  any  thing  from  a 
10  per  cent,  solution  of  alum.  (Erdmann  &  Mittenzwey.)     . 

The  dyeing  of  cotton  depends  upon  its  mechanical  surface-attraction 
for  certain  colouring  matters.  (Walter  Crum,  Erdmann  &  Mittenzwey), 
consequently  organised  as  well  as  amorphous  cotton  may  be  dyed 
(BoUey,  Ann,  Pharm,  106,  235 ;  Dingl,  148,  142 ;  J.  pr,  Chem,  74, 
381) ;  but  it  does  not  take  np  solutions  of  metallic  salts  or  mordants 
(Verdeil,  Compt.  rend,  47,  961 ;  J.  pr,  Chem,  77,  58). — To  dye  cotton, 
flax,  and  hemp,  in  such  a  manner  that  they  may  not  lose  their  colour 
by  washing  or  rubbing,  the  colouring  matter  which  has  penetrated 
the  fibre  must  be  rendered  insoluble,  since  these  fibres,  unlike  those  of 
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wool  or  silk,  do  not  possess  any  actual  attraction  for  colouring  mattei: 
mixed  with  mordants.  rVerdeil.) — Runge  regarded  dyed  cotton  as  a 
chemical  compound  or  the  mordant-base,  colouriDg  matter,  and 
woody  fibre ;  but  since  dyed  cotton  dissolves  for  the  most  part  in  an 
ammoniacal  copper-solution,  just  like  woody-fibre,  leaving  the  mor- 
dant-base and  the  colouring  matter  undissolved,  this  view  can  scarcely 
be  correct.  (BoUey,  Ann.  Fharm.  106,  235 ;  J,pr.  Chem.  94,  381). 

Cotton  digested  even  for  a  long  time  with  kydrated  ferric  oxide  does 
not  take  up  any  of  the  oxide.  (Verdeil.) 

With  Copper, — Cellulose  dissolves  in  aqueous  basic  kypomlphate  or  bctsic 
sulphate  of  cupra7nmonium(Schwe]zeT,  J,pr.  Chem.  72,  109;  Chem.  Centr. 
1858,  49) ;  most  easily  in  aqueous  basic  carbonate  of  cupraminomum  (Sch- 
weizer,  J.  pr.  Chem.  76, 344),  in  aqueous  oxide  of  cuprammonium  (Peligot, 

CompU  rend.  47, 1034).— -Erdmann  (/.  pr.  Chem,  76, 385)  maintains — in  oppoaition 
to  the  opinion  of  Schweizer,  Cramer,  and  others — that  this  liquid  \s  not  a  true  homo- 
geneous solution,  but  a  liquid  similar  to  gelatinous  starch,  merely  containing  the  cellu- 
lose in  a  swoUen  state. 

To  prepare  the  copper-solution  (called  Cuoxam  by  Cramer),  basic 
hyposulphate  of  copper  (4CuO,S*0')  or  basic  sulphate  of  copper,  is 
<]Ussolved  in  aaueous  ammonia ;  or  the  precipitate  formed  by  carbonate 
of  soda  in  a  solution  of  sulphate  of  copper,  is  dissolved,  after  washing 
and  moderate  drying,  in  aqueous  ammonia  of  sp.  gr.  0*945  (Schweizer) ; 
or  recently  precipitated  hydrated  cupric  oxide  is  dissolved  in  strong 
aqueous  ammonia  (Schlossberger) ;  or  aqueous  ammonia,  mixed  with 
a  few  drops  of  sal-ammoniac  (Schweizer),  is  made  to  trickle  through 
copper  turnings  (Peligot) ;  through  cementation-copper,  that  is  to  say, 
metallic  copper  obtained  by  precipitation.  (PeUgot.)-— The  solvent 
power  of  the  copper-solution  for  cellulose  increases  with  the  amount 
of  copper  contained  in  it,  and  is  diminished  or  completely  annihilated 
by  acids,  salts,  or  sugar.  (Schlossberger.) 

Cotton  immersed  in  aqueous  biphosphate  of  cuprammonium  becomes 
first  gelatinous,  then  slippery,  and  forms  an  almost  transparent  gummy 
liquid,  which  may  be  filtered  after  addition  of  water.  The  cotton-fibre 
before  dissolving  in  the  ammoniacal  copper-solution,  becomes  darker  in 
colour  than  the  liquid  itself.  The  degree  in  which  it  swells  up  depends 
upon  the  concentration  and  mass  of  the  acting  solution ;  in  excess  of 
the  concentrated  copper-solution,  it  dissolves  instantly  without  previous 
tumefaction  (Cramer.)  The  act  of  solution  is  not  attended  with  evo- 
lution of  heat.  (Schweizer.) 

Paper  (Schweizer),  hemp,  and  flax- fibre  are  acted  upon  by  the 
ammoniacal  copper-solution  in  the  same  manner  as  cotton,  excepting 
that  flax-fibre  is  not  uniformly  attacked,  and  consequently  swells  up  in 
knots  here  and  there,  and  shortens  at  the  same  time,  before  dissolv- 
ing. Many  uni-cellular  algee,  many  fungi,  a  few  Uchens,  the  bass- 
fibres  of  Cinchona  rubra^  the  pith-c^Us  of  Hoi/a  camosa,  pappus-hairs,  the 
davate  masses  of  cellulose  in  the  epidermal  cells  of  Fictis  elastica, 
and  cork  (also  the  spongy  cellular  tissue  of  mushrooms :  Frenw)  are 
not  at  all  altered  by  the  ammoniacal  copper-solution ;  the  wood-cells 
of  Taxus  baccata  and  Quercus  are  but  slightly  coloured  by  it ;  the  wood- 
cells  of  Pinus^  and  the  cells  of  Fucus  vesiculosus,  Caulerpa  proUferay  &c., 
more  distinctly ;  in  most  cases,  however,  wood-cells  swell  up  in  the 
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solution,  and  then  dissolve  more  or  less  quickly.  (Cramer.) — From 
some  plant-cells  aqueous  cuprammonia  dissolves  the  pure  cellulose  of 
the  outer  membrane,  leaving  an  inner  membrane,  which  turns  green, 
and  when  treated  with  adds  yields  pectic  acid ;  other  cells  are  not  at 
all  altered  by  the  copper-solution.  Thus  the  bass-fibres  of  all  plants 
and  the  utricular  tissue  of  fruits  dissolve  immediately,  whereas  the 
pith  of  trees  and  the  fibrous  tissue  6f  wood  remain  undissolved. 
(Fremy,  CompL  rend,  48,  202  and  276.)  —  In  cases  in  which  the  action 
of  the  aqueous  cuprammonia  on  woody  fibre  takes  place  slowly  or  not. 
at  all,  it  is  generally  the  presence  of  foreign  matters  in  the  wood-cells 
that  prevents  the  solution  from  coming  in  contact  with  the  woody 
fibre ;  hence,  in  many  cases,  the  action  of  the  copper-solution  may  be 
brought  about  by  finer  comminution  of  the  woody  fibre,  or  by  boiling 
it  with  nitric  acid  and  cjilorate  of  potash.  (Cramer.)  The  insolubility 
of  woody  fibre  in  aqueous  cuprammonia  may  also  be  caused — ^inde- 
pendently of  the  presence  of  foreign  bodies  nuxed  or  combined — 
by  its  state  of  aggregation,  or  because  the  contact  of  the  solution 
with  the  cellular  tissue  is  prevented  by  the  presence  of  air  between 
the  fibres.  The  pith  of  plants,  which  is  insoluble  in  aqueous  cupram- 
monia, dissolves  when  cut  up.  By  trituration  in  cold  water,  45  p.  c. 
is  rendered  soluble,  or  75  p.  c.  if  the  insoluble  pith  has  been  dried^in 
vacuo  at  110°  before  trituration.  Hackled  flax,  and  even  that 
which  has  been  steeped  in  warm  water,  withstands  the  action  of  the 
copper-solution  for  more  than  six  hours,  whereas  the  fibre  of  Swedish 
paper  dissolves  in  it  immediately ;  hence  no  conclusions  as  to  the 
existence  of  isomeric  modifications'  of  cellulose  can  be  drawn  from  its 
more  or  less  easy  solubility  in  aqueous  cuprammonia.  (Payen,  Compt. 
rend.  48,  772.)  Those  kinds  of  cellulose  which  are  insoluble  in  aqueous 
cuprammonia  (excepting  the  s|)ongy  tissue  of  mushrooms)  are 
rendered  soluble  by  boiling  with  dilute  acids  or  aqueous  alkalis. 
(Fremy,  CompU  rend.  48,  275.)  —  The  solubility  of  cotton  in  aqueous 
cuprammonia  is  not  diminished  by  dyeing  or  mordanting ;  it  still  dis- 
solves, leaving  the  colouring  matter  and  the  mordant.  (BoUey,  J.  pr. 
Chem.  74,  381 ;  Ann.  Pharm.  106,  235.) 

Aqueous  cuprammonia  dissolves  a  quantity  of  cellulose  equal 
in  weight  to  the  copper  which  it  conttuns.  (Peligot.)  Its  solvent 
power  is  limited ;  for  when  poured  upon  excess  of  cotton,  it  loses  in  a 
lew  mmutes  its  capacity  of  dissolving  fresh  quantities  of  cotton,  not 
even  causing  them  to  swell  up.    (Cramer.) 

The  solution  of  cellulose  in  cuprammonia  is  precipitated  by  a  large 
quantity  of  water,  even  without  loss  of  ammonia  by  evaporation,  and 
tne  more  abundantly  the  longer  it  stands  (Cramer,  pchlossberger, 
Payen,  Erdmann) ;  by  acids  in  excess  (Schweizer,  Cramer,  Payen),  or 
even  by  a  quantity  of  acid  not  sufficient  to  saturate  the  ammonia 
(Payen) ;  by  salts,  even  by  sulphate  of  copper ;  also  by  sugar,  h'oney, 
a  thick  solution  of  dextrin  or  gum,  and  by  alcohol,  but  not  by  a  strong 
aqueous  solution  of  urea,  by  chloroform  or  by  ether.  The  solution 
when  boiled  gradually  acquires  a  light  blue  turbidity,  and  on  addition 
of  potash  deposits  black  oxide  of  copper.    (Schlossberger.) 

The  flocculent  precipitate  obtained  with  water,  acids,  salts,  sugar, 
&c.,  is  amorphous  cellulose ;  it  possesses  all  the  properties  of  ordinary 
cellulose  excepting  the  structure  (even  the  colouring  power,  according 
to  BoUey),  and  when  dried,  apj^ars  more  or  less  grey,  translucent. 
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brittle,  tasteless,  not  glutinous,  and  resembles  dried  starch-paste 
(Schweizer) ;  if  separated  hy  alcohol,  it  is  white  after  careful  washing 
and  drying.     (Erdinann.) 

In  contact  with  basic  acetate  of  lead,  cellulose  (filtering  paper)  swells 
up  considerably,  rendering  filtration  impossible,  and  after  48  hours  is 
converted  into  a  loose  thread-like  tissue.  The  compound  formed  after 
sulBciently  prolonged  contact  contains,  after  washing  with  hot  water, 
33-1  p.  c.  oxide  of  lead  (3  PbO,2(?*H»0*  «  34-1  p.  c.)  (Vogel,  iV.  Bepert. 
6,  239.) 

Cotton  immersed  in  a  solution  oiplumhate  ofUme  (obtained  by  mix- 
ing neutral  acetate  of  lead  with  lime  tiU  the  resulting  precipitate  is 
redissolved),  abstracts  the  lead.    (Walter  Crum,  Ann,  Pharm.  55, 227.) 

In  aqueous  solution  of  nickel-ammonia,  cellulose  does  not  swell  up, 
but  remains  colourless  and  undissolved.  (Schlossberger,  J.  pr.  Chem, 
73,  369.) 

In  the  indigo'vat,  cellulose  turns  yellow,  and  on  exposure  to  the  air, 
blue ;  but  no  chemical  compound  of  cellulose  with  indigo  fe  formed 
(Walter  Crum) ;  it  is  not  coloured  by  solution  of  indigo  or  of  carmine 
and  has  no  attraction  for  these  colouring  matters.  (Maschke,  J.  pr, 
Cheni.  76,  47.) 

Cellulose  is  insoluble  in  alcohol,  in  ether,  and  in  oUs  both  fixed  and 
volatile. 


First  Appendix  to  CkUulose. 

1.  Paracellulose, — The  utricular  tissue  of  the  wood  which  forms 
the  medullary  rays ;  hence  also  in  the  pith  of  trees. —  Soluble  in  oil  of 
vitjnol,  strong  hydrochloric  acid,  and  strong  boihng  potash-ley.  Insoluble 
in  aqueous  cuprammonia,  but  becomes  soluble  after  24  hours'  boiling 
with  water,  or  by  treatment  with  acids  or  aqueous  alkalis.  (Fremy, 
Compt.  rend.  48,  667  and  862 ;  N.  J.  Pharm.  35,  321  and  401 ;  abstr. 
Instit.  1859,  121  and  151.) 

2.  Vasctdqse, —  The  constituent  which  forms  the  vessels  of  wood. 
To  obtain  it,  the  vessels,  as  they  occur  in  nature,  are  first  treated 
with  potash-ley  to  remove  albuminoids,  pectinoids  and  tannin,  then 
repeatedly  with  hydrochloric  acid,  increasing  the  strength  each  time, 
and  with  cold  oil  of  vitriol  to  remove  utricular  and  fibrous  tissues ; 
and  the  residual  matter  is  washed  with  water,  alcohol,  and  ether.— 
Yasculose  is  insoluble  in  concentrated  acids,  soluble  in  strong  boiUng 
potash-ley ;  insoluble  in  aqueous  cuprammonia,  (Fremy,  Compt,  rend. 
48,  862;  N.J.  Pharm.  35,  401 ;  &bQtr.Inst.  1859, 151^,  Eep.  Chim.pure^ 
1,  433.) 

3.  Fibrose, —  The  substance  "tvhich  forms  the  fibres  of  wood. — Wood- 
shavings  are  boiled  with  strong  potash-ley,  and  washed  with  water, 
alcohol,  and  ether. — White,  easily  turns  mouldy;  according  to  Decaisne, 
it  exhibits  under  the  microscope,  the  structure  of  woody  fibre,  only 
somewhat  enlarged  by  the  prolonged  action  of  the  alkali. —  It  dissolves 
in  oU  of  vitriol,  without  passing  into  dextrin,  and  is  separated  from  the 
solutioh  by  water  as  a  thick  transli^pent  jelly.  It  is  insoluble  in  pot- 
ash-ley and  in  aqueous  cuprammonia.    (Fremy,  Coi^pt,  rend.  48,  862 ; 
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N.  J.  Fharm.    35,  401 ;   abstr.   Inst.   1859,    151  ;    72^.  Chim.   pure^ 
1,  433.) 

4.  Cutin.  —  In  the  epidermis  (cuticula)  of  .leaves,  petals  and  fruits, 
together  with  woody  fibre,  albumin,  pectinoid  substances  and  fat. 
(IVemy.)— According  to  Payen  {Compt,  rend.  48,  775)  all  the  external 
parts  of  plants,  viz.,  the  epidermis  and  cuticle,  consist  of  cellulose  im- 
pregnated with  fats,  nitrogenous  bodies,  and  inorganic  salts ;  he  denies 
(Compt.  rend.  48,  893),  the  presence  of  any  peculiar  substance  not  con- 
taLoing  nitrogen  or  woody  fibre. 

The  cuticle  of  leaves,  or  the  leaves  themselves,  are  boiled  for  half 
an  hour  with  weak  hy<h-ochloric  acid  and  washed  with  water ;  the 
woody  fibre  is  removed  from  the  residue  by  aqueous  cuprammonia ; 
and  the  undissolved  portion  is  treated  successively  with  water,  hydro- 
chloric acid,  weak  aqueous  potash,  alcohol,  and  ether.  (Fremy.) 

Gutin  exhibits  under  the  microscope,  the  aspect  of  an  amorphous 
perforated  film.  It  is  very  extensible,  contains  73*66  p.  c.  C,  11*37  U., 
and  14*97  0.,  approaching  in  composition  to  the  fats.  (Fremy.). — 
According  to  Payen  (Compt.  rend.  48,  893),  it  is  a  product  of  the  trans- 
formation of  the  cuticle  by  the  reagents  above-mentioned,  and  not  a 
peculiar  constituent  contained  therein. 

It  decomposes  when  heated^  producing  fatty  acids.  It  is  not  decom- 
posed by  cold  nitric  acidj  but  when  boiled  with  that  acid  yields  all  the 
products  that  are  formed  in  hke  manner  from  the  fats,  especially 
suberic  acid.  It  is  not  altered  by  contact  with  cold  oil  of  vitriol  or 
boihng  hydrochloric  acid.  It  is  saponified  by  boiling  concentrated 
aqueous  potash,  and  from  the  soap  thus  formed,  a  liquid  fatty  acid  may 
be  separated,  which  is  soluble  in  alcohol  and  ether,  but  appears  to  be 
different  from  oleic  acid,  (jutin  is  not  altered  by  dilute  aqueous 
alkalis^  by  ammonia^  or  by  any  neutral  solvent. 

Cutin  is  insoluble  in  aqueous  cuprammonia  also  in  ether  (Fremy. 
Compt.  rend.  48,  669  ;  N.  J.  Fharm.  35, 321 ;  abstr.  Inst.  1859, 121  ;  i?6^>. 
Chim.  pure,  1,  357). 

5.  Suberin. 

PouRCROT.    Systeme,  8,  98  ;  Scher.  J.  8,  288. 

Chevreul.    Ann.  Chim.  62,  323 ;  N.  Oehl.  5,  379.— -^nn.  Chim.  96, 155 ; 

Schw.  16,  327. 
DoppiNO.     Ann.  Pharm.  45,  290. 
MrrscHERUCH.    Ann.  Pharm.  75,  310 ;  J.  pr,  Chem.  50,  148. 

KorMqf. 

First  investigated  by  Brugnatelli,  then  by  BouiUon-Lagrange, 
Fourcroy,  Link,  and  others. — It  is  tfie  chief  constituent  of  the  outer 
bark  of  Quercus  Rohir ;  forms  the  cuticle  of  other  plants  (Fourcroy), 
sometimes  the  amorphous  coherent  integuments  of  the  entire 
plant,  sometimes  only  the  external  cellular  layer  of  the  stem, 
very  often  several  layers,  as  in  potatoes ;  it  also  forms  a  film  over  the 
most  delicate  hairs  of  plants,  which,  like  cotton,  are  difficult  to  wet 
with  water,  unless  the  cork  has  been  previously  removed  by  oxidising 
substances.  (Mitscherlich.) — Resembles  Fremy's  cutin. — It  is  modified 
woody  fibre.  (Gerhardt,  TraitCj  2,  485.) 
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Rasped  cork  is  exhausted  successively  with  water  and  alcohol 
(Chevreul),  with  ether,  alcohol,  and  watei?  (Mulder,  J,  pr.  Ghem,  39, 
155),  and  afterwards  with  dilute  hydrochloric  acid,  which  treatment, 
however,  does  not  remove  cork-resin  (xiii;  204),  a  nitrogenous  sub- 
stance, or  woody  fibre,  (Dopping.) 

Very  light,  soft,  and  elastic ;  of  cellular  structure.  Beddish  grey 
(Dopping).    Not  easily  wetted  by  water. 

Mnlder.  Dipping.  Mitscheiiich, 

at  130'.  ^ 

a  bed 

C 65-62    ......^    67'8    62-30    ....    65-78 

H 7*97    ........      8-7    7-15    „..      8'33 

N  2-3    3-03    ....      1-50 

O  21-7 27-52     ....     24-4i 


1000    100-00    ....  10000 

a  and  b  from  cork;  e  from  potatoes ;  d  from  cork,  carefdlj  purified  from  die  brown 
substances  which  envelop  it.  It  is  not  exactly  known  whether  the  nitrogen  is  an  essen- 
tial constituent  of  the  suberin  itself,  or  exists  only  in  the  substances  whidi  adhere  to  it 

Suberin  yields  by  dry  cUstUlationj  gases,  a  small  quantity  of  acid 
water,  a  colourless,  or  brown  oil,  a  small  quantity  of  ammonia,  a  crys- 
talline oil  which  melts  when  heated,  and  a  sublimate  which  volatilises 
with  a  fatty  odour,  and  leaves  an  easily  combustible  charcoal  aggre- 
gated here  and  there  in  lumps.  (Chevreul.) — It  bums  easily  in  the 
open  fire,  with  tumefaction  and  brilliant  white  flame.  (Chevreul), 
emitting  a  peculiar  odour  like  that  of  crude  cork  (Dopping),  and 
leaving  a  soft,  loose,  tumefied  coal.  (Chevreul.) — Chloride  of  iodine 
converts  it,  with  evolution  of  hydrochloric  acid,  into  a  mass  which  con- 
tains chlorine  and  iodine ;  gives  up  those  elements  to  water  when 
boiled  with  it ;  and  leaves  a  brown-black,  tough,  glutinous  mass,  inso- 
luble in  water,  soluble  in  aqueous  alkalis,  alcohol,  and  ether,  yielding 
by  distillation  iodine,  hydrochloric  acid  gas,  carbonic  oxide,  and  car- 
biu-etted  hydrogen,  and  leaving  a  carbonaceous  residue.  (Casaseca, 
J.  Pharm.  12,  620  ;  J.  pr.  Chem,  17,  151.) — It  is  oxidised  by  nitric  acid 
of  sp.  gr.  1-2,  even  below  100**,  the  cells  becoming  soluble  with  tume- 
faction in  aqueous  potash,  and  separating  from  one  another ;  at  the 
same  time  reddish  products  are  formed,  which  melt  in  the  boiling 
acid  and  are  soluble  in  alcohol,  apd  ultimately  suberic  and  succinic 
acid. — Cork,  the  suberin  of  potatoes,  and  the  cuticle  of  Aloe  lingua 
yield  similar  products  in  variable  quantities,  any  woody  fibre  that  may 
also  be  present  remaining  insoluble  in  the  acid,  even  if  the  mixture  be 
heated  over  the  water-bath  till  no  more  red  fumes  are  evolved.  The 
suberin  of  potatoes  yields,  with  nitric  acid,  6  per  cent,  of  a  fatty  acid 
soluble  in  alcohol ;  common  coA  yields  39*67  p.  c.  of  a  fatty  acid, 
leaving  2*55  p.  c.  woody  fibre.  (Mitscherlich.)— Suberin  treated  with 
nitric  add  forms  oxaUc  acid  (Chevreul,  Dopping) ;  if  first  macerated 
with  6  pts,  nitric  acid  of  sp.  gr.  1-28,  and  then'distiUed,  it  yields  a 
nitro-resin,  suberin,  oxalic  acid,  ammonia,  and  artificial  bitter,  leaving 
woody  fibre.  Common  cork  yields  with  nitric  acid,  the  same  products, 
together  with  traces  of  benzoic  acid,  giviiig  off  nitrous  gas,  carbonic 
acid,  hydrocyanic  acid,  and  acetic  acid.  (Chevreul) — Oil  of  vitriol 
blackens  cork,  does  not  form  gum  from  it  fV'ogel),  but  when  heated 
slowly  forms  brown  products.  (Mitscherlich.) 
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6.  Wood. 

FoTJROBOT.     Systeme  des  conncusances  chimiquesj  8^  87* 

Proust.    J.  Phys.  48,  469 ;  Scher.  J.  7,  707. 

Saussure.    a.  GehL  4,  681. 
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Chem.  16,  436. 
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Dingl.  109,  137. 
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Chem.  Centr.  1857,  321. 
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Decomposition  of  Wood. 
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Chem.  Centr.  1859,  490  and  517. 
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^^^  •  _ 

Wood  consists,  according  to  Paycn,  v.  Baumhauer,  and  Scbulze 
of*  ceUulose  or  woody  fibre,  which  forms  the  cell- walls,  and  of 
incrusting  substances  deposited  thereon  (Sclerogen,  Lignin  =  products 
of  decomposition  of  the  decaying  cells  [Schleiden,  Grundz.  d.  wiss. 
Botanik,  Leipzig,  1849, 1,  172]).  Fremy  denies  the  existence  of  incrust- 
ing substances,  and  supposes  that  the  true  woody  tissue  consists  of 
vasculase,  which  is  insoluble  in  oil  of  vitriol,  soluble  in  boiling  concen- 
trated potash-ley,  paracellulose  soluble  in  oil  of  vitriol  and  in  boiUng 
potash-ley,  and  fbrose  soluble  in  oil  of  vitriol,  but  insoluble  in  boiling 
concentrated  potash-ley  (see  page  144).  Wood  likewise  contains  the 
following  substances  in  variable  quantities,  varying  with  the  season  and 
locality,  and  with  the  species  and  age  of  the  plant : — ^the  constituents 
of  the  sap,  such  as  albiuninoidal  substances  (0*81—0*12  p.  c.  nitrogen, 
according  to  Chevandier),  sugar,  gum,  tannic  acid,  &c.,  colouring 
matters,  starch  (only  in  autumn  and  winter),  pectose,  according  to 
Fremy  (Payen  found  none),  resins  and  volatile  oils,  -  and  the  ordinary 
mineral  constituents  of  plants. 

The  external  properties  of  the  wood  depend,  partly  on  the  mode  of 
union  of  the  fibres  (ivory  or  fibrous  texture),  partly  on  the  proportions 
between  the  essential  or  adventitious  proximate  constituents.  Hence 
the  several  species  of  wood  differ  greatly  in  hardness,  colour,  and  ap- 
parent specinc  gravity.  The  latter,  that  is  to  say,  the  specific  gravity 
of  the  wood  air-dried,  but  still  containing  air,  varies,  according  to  Kar- 
marsch  (Grundz.  d.  mech.  Technologie,  635),  from  0*383  (poplar-wood)  to 
1*342  (logwood).  The  actual  specific  g^vity  of  different  kinds  of 
wood  is  tolerably  uniform,  1*5,  according  to  Violette;  from  1*46 
(maple)  to  1*53  (oak),  according  to  Rumford.  Wood  always  contains 
a  larger  quantity  of  carbon  than  cellulose ;  its  composition  varies  be- 
tween very  wide  limits  (according  to  the  nature  of  the  incrusting  sub- 
stances: Payen),  as  much  apparently  in  the  same  as  in  different 
woods.    The  lowest  and  highest  amounts  actually  found  are :  46*10 
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p.  c.  G.y  (beech- wood)  Baer,  and  54*44  p.  c  (oak-wood)  Payen ;  (beech- 
wood  =  54*35) ;  —  5'55  p.  c.  H.,  (box- wood)  Prout,  and  6*40  p.  c. 
(aspen-wood)  Payen;  —  39-32  p.  c.  0.,  (oak-wood)  Payen,  and  46*87 
p.  c.  (beech- wood)  Baer. 

Decompositions,  1.  Wood  may  be  heated  to  150°  without  sensible 
alteration.  At  a  higher  tempehitnre,  decomposition  begins,  its  course 
being  different  according  as  the  products  are  free  to  escape,  or  aro 
kept  in  contact  with  the  wood  under  increased  pressure. 

A.  Wood  exposed  to  a  high  temperature  in  close  vessels  is 
converted  into  charcoal  resembUng  coal  and  burning  with  flame. 
(Hall,  K,  Gehl,  1,  612.)  Perfectly  dry  wood  of  sycamore,  oak,  birch, 
box,  or  poplar,  heated  in  a  sealed  glass  tube  to  360°,  melts  to  a  black 
liquid  which  solidifies  with  tumefaction ;  dry  logwood  melts  to  a  red 
liquid  which  soUdifies  to  a  chestnut-brown  mass.  Wood  (even  log- 
wood) heated  in  the  same  manner  with  half  its  weight  of  water,  is 
converted  into  a  substance  resembling  bituminous  coal,  and  burning 
with  a  smoky  flame.  (Cagniard  Latour.)  Wood  of  the  berry-bearing 
alder  dried  at  150°,  containinff  47*51  p.  c.  C,  6*12  H.,  4629  0.,  and 
0*08  ash,  yields,  when  heated  in  a  sealed  glass  tube,  gases  which 
escape  with  violence  when  the  tube  is  opened,  a  very  faintly  coloured, 
clear  or  milW  liquid,  and  a  solid  residue,  which  resembles  red  coal 
{Rothkohk)  if  it  has  been  charred  between  160°  and  200°,  black  coal 
(SchwarzkohU)  between  220°  and  280°,  and  caking  cpal  if  charred  at 
still  higher  temperatures.  At  280®  it  still  retains  the  structure  of 
wood ;  between  300°  and  320°  it  is  tumefied,  at  340°  fused  into  a 
dense  mass ;  it  then  amourtts  to  79*1  p.  c.  of  the  wood  employed,  and 
consists  of  77-07  p.  c.  C,  4*70  H.,  14-04  0.,  and  3*84  ash.    (Violette.) 

The  composition  of  the  wood  and  of  the  residue  at  different  temperatures^  as  stated  by 
Violette,  are  not  in  accordance  with  the  quantity  of  the  residue.  (Ritter.)    Vegetable 

substances  strongly  pressed  between  moist  clay,  so  that  the  vapours 
can  escape  but  slowly,  and  heated  to  between  200°  and  300°,  yield  a 
residue  resembling  coal.  (Baroulier,  Compt.  rend.  46,  376;  Chem. 
Centr,  1858,  368.)  Firwood  and  water  heated  together  in  a  close 
vessel  to  400°,  yielded  a  coaly  residue,  black,  hard,  dense,  shinmg, 
difficult  to  bum,  and  giving  off  scarcely  any  traces  of  volatile  matter 
when  heated.    (Daubree,  Ann.  Min.  [5],  12,  305.) 

B.  When  wood  previously  well  dried  is  heated  in  vessels  which 
allow  free  egress  to  the  volatile  products  of  decomposition,  water  is 
first  driven  out,  and  there  passes  into  the  receiver,  first  a  colourless, 
then  a  yellowish  liquid.  As  the  temperature  rises,  the  vapours 
become  smoky,  the  distillate  continually  more  coloured,  and  smoky 
gases  escape.  The  liquid  distillate  becomes  mixed  with  drops  of  oil,  afr 
first  mobile  and  slightly  coloured,  then  continually  more  viscid  and 
dark-coloured,  so  that  the  exit-tubes  are  filled  with  black  pitch  liqui- 
fied by  the  heat.  The  residue  in  the  retort  is  charcoal  {Holzhohle). 
The  hquids  which  pass  over  mix  in  the  receiver  and  separate,  when 
left  at  rest,  into  two  layers,  an  upper  watery  layer,  which  is  Crude 
Wood-vinegar^  or  Pyroligneous  acid,  and  a  lower  layer  consisting  of 
Wood-tar. 

In  the  dry  distillation  of  hornbeam-wood  {Oarpinus  Betulus),  Woll- 
ner*s  empyreumatic  fat  is  obtained  in  the  outermost  receivers,  floating 
on  the  top  of  the  empyreumatic  oil ;  it  resembles  mutton-fat,  has  a 
spedfic  gravity  of  0*979,  melts  at  94°,  and  is  saponified  by  alkalis, 
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yielding  glycerin,  (WoUner,  Schw.  59,  454 ;  Kastn.  Arch.  1829,  363 ; 
Berzel,  Jahresber.  10,  228.) 

The  composition  of  the  gaseous,  liquid  and  solid  products  of  the 
dry  distillation  depends  partly  on  the  constitution  of  the  wood  em- 
ployed, but  more  on  the  degree  and  manner  of  heating,  so  that  the 
quantitative  proportions  of  the  several  compounds  vary  greatly,  and 
many,  under  certain  circumstances,  are  absent  altogether.  At  the 
lower  degrees  of  heat,  a  comparatively  larger  quantity  of  oxygen  and 
hydroffen  is  employed  in  the  formation  of  water ;  at  higher  tempera- 
tures (above  300**)  there  i»  a  more  abundant  formation  of  acetic  acid 
and  other  oxygen-compounds,  together  with  hydrocarbons ;  the  more 
rapidly  the  heat  is  applied,  the  larger  is  the  quantity  of  wood- vinegar 
and  tar  produced,  and  the  smaller  the  quantity  of  residual  charcoal. 
(Stolze,  Winckler,  Karsten.) 

Gases,  The  gases  evolved  in  the  ordinary  process  of  distilla- 
tion are  carbonic  oxide,  carbonic  acid,  marsh  gas,  and  hydrogen, 
containing  scarcely  any  traces  of  other  hydrocarbons ;  but  if  wood  is 
heated — as  for  the  preparation  of  illuminating  gas,  to  a  temperature 
considerably  above  that  at  which  the  liquid  products  of  the  distillation 
are  decomposed,  olefiant  gas  and  other  hydrocarbons  of  higher  atomic 
weight  are  formed,  at  the  expense  of  the  tar.    (Pettenkofer.) 

The  crude  wood-vinegar  and  the  wood-tar  are  resolved — ^according 
to  the  kind  of  treatment  to  which  they  are  subjected — into  various 
but  still  mixed  products. 

a.  By  distilling  off  10  to  15  per  cent,  ©f  the  crude  wood- vinegar, 
Crude  Wood-spirit  is  obtained,  consisting  principally  of  the  more  volatile 
matters  such  as  acetic  acid,  acetate  of  ammonia,  methylic  alcohol, 
acetate  of  methyl,  lignone,  acetone,  aldehyde,  mesite,  pyrocatechin, 
and  pyroxanthogen.  It  likewise  contains,  in  greater  or  smaller  quan- 
tity (probably  according  to  the  quantity  of  the  product  distilled  from 
the  crude  wood- vinegar),  volatile  oils,  a  substance  which  turns  brown 
on  exposure  to  the  air,  and  bodies  identical  with  those  which  remam 
in  larger  quantity  in  the  residue  of  the  crude  wood- vinegar,  and  in  the 
tar. 

• 

See  Wood'tpirity  vii.  285  ;  Acetic  acid,  yiii.  274 ;  Aldehyde^  Tiii.  283 ;  [Scanl^'s 
Liquid^  iz.  55]  ;  Acetate  of  Methyl,  Ttii.  484  ;  [Acetone,  ix.  1]  ;  Ligwme,  ix.  41 ; 
Mesite,  iz.  53;  Pyroxanthin,  xvr.  163. —  The  non -bracketed  bodies  in  thift  list  are 
mentioned  in  the  places  cited,  with  reference  to  their  origin  and  their  separation  from 
crude  wood-spirit.  Respecting  Weidmann  and  Schweizer's  Mente  and  Xylite,  see  iz.  48  ; 
also  Vblckel  (Poyg.  83,  272  and  557)  j  on  Creosote  and  the  Volatile  oils  qf  Wood-spirit, 
see  below. 

On  mixing  crude  French  wood-spirit  with  water,  a  pale  yellow 
layer  of  oil  separates,  which  distils  over  between  90°  and  200®,  and 
may  be  decomposed  by  fractional  distillation  aft^r  being  treated  with  oil 
of  vitriol.  Toluene,  xylene,  and  cumene  are  then  obtained  in  succession, 
and  between  164°  and  168°,  a  peculiar  hydrocarbon,  isomeric  with 
cumene  and  mesitylene,  but  differing  from  both.  (See  xiii,  838). 
(Cahours,  Compt,  rend.  80,  819.; 

Pyrocatechin  (xi,  379)  occurs  in  crude  wood-vinegar  to  the  amount 
of  -ji*  to  -J-  per  cent., — likewise  in  all  products  of  the  distillation  of 
wood.  (Pettenkofer,  Ann.  Pharm.  87,  256  5  M.  Buchner.  Ann.  Phamu 
96,  186). 

h.  The  residual  portion  of  crude  wood-vinegar  is  an  aqueous  solution 
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of  variable  quantities  of  acetic  acid,  empyreumatic  oH,  and  resin,  and 
a  peculiar  extractive  matter  called  empyreumatic  extract.  (Berzelius.) 
It  likewise  contains  creosote,  a  small  quantity  of  eupione,  and  other 
volatile  oils.  (Reichenbach^  comp.  xi,  140.) 

By  boiling  the  residue  with  excess  of  potash-hydrate,  this  empy- 
reumatic oil  and  resin  are  for  the  most  part  removed,  while  the  extract 
remains  dissolved.  If  the  wood-vinegar  be  neutralised  with  lead-oxide 
or  ammonia,  neutral  acetate  of  lead  then  throws  down  the  empyreu* 
matic  resin,  and  the  filtrate  freed  from  lead  by  sulphmretted  hydrogen, 
leaves  on  evaporation,  a  nitrogenous  mass  resembling  vegptahl^-^N^ 
tract,  and  separated  by  alchohol  into  a  soluble  and  an  insoWlUe  p^r^^'X^ 
tion.  The  empyreumatic  resin  still  contains  acetic  add;  i|^4nay  bq 
further  decomposed  by  digesting  it  with  alcohol,  and  treating  U^e  dis- 
solved portion  with  ether  and  soda-ley,  and  after  prolonged  boiling 
with   water,    is   converted   into    mould-like   substances   (Bef^lius; 

for  farther  deUdls,  see  Berzelhu,  Lehrb,  3  Aufl.  A,  499.) 

If  the  distillation  of  the  crude  wood- vinegar  be  continued  after  ihb 
crude  wood-spirit  has  passed  over,  distilled  wood-vinegar  is  obtained, 
and  a  red-brown  syrup,  called  toood-vmegar  tar  remains  behind.  The 
former,  on  account  of  the  f urfurol  and  creosote  which  it  contains,  can- 
not be  obtained  colourless,  even  after  repeated  rectification,  and  always 
leaves  a  slight  residue  of  wood-vinegar  tar.  (Volckel.) 

The  distilled  wood- vinegar  may  be  freed  by  agitation  with  ether, 
from  volatile  oil,  creosote,  and  pyroxanthogen ;  the  former  may 
likewise  be  removed  by  neutralisation  with  potash-ley.  On  boiling  tho 
liquid  nearly  neutralised  with  potash-ley,  the  volatile  oils  are  orivcn 
off;  and  if  the  residual  Hquid,  while  still  boiling,  be  supersaturated 
with  potash,  it  acquires  a  deep  brown  colour,  and  on  subsequent 
addition  of  hydrochloric  acid,  deposits  brown  flocks,  probably  proauced 
by  decomposition  of  furfurol.  By  supersaturating  distilled  vinegar 
with  hydrate  of  lime,  the  solution,  if  immediately  filtered,  becomes 
turbid  on  standing  or  warming,  in  conseauence  of  the  action  of  the 
lime  on  the  volatifo  oils.  On  evaporating  tne  liquid,  a  yellowish  brown 
substance  separates,  while  acetate  of  lime  crystallises  out,  partly  by 
itself,  partly  in  combination  with  Volckel's  assamar. 

The  wood- vinegar  tar  mixed  with  water  deposits  a  black-brown 
viscid  mass,  the  supernatant  liquid  remaining  strongly  coloured.  If 
the  viscid  mass  be  freed  by  repeated  boiling  with  water  from  adhering 
acetic  acid,  YolokeVs  assamar,  creosote  and  volatile  oils,  the  residue 
becomes  bitter  and  friable,  and  yields  to  ether  a  red-brown  resin 
(softening  by  heat,  having  a  pitchy  odour,  which  it  loses  by  prolonged 
heating  to  100"*,  soUdifying  at  the  same  time, — and  containing  70*86  p.  c. 
0.,  7*4  H.,  and  22*24  0.) ; — it  afterwards  vields  to  alcohol  a  brown  sub- 
stance (containing  63*9  p.  c.  C,  6*1  H.,  and  31*0  0.),  a  small  quantity  only 
remaining  undissolved.  This  body  soluble  in  alcohol  is,  according  to 
Volckel,  produced  from  his  assamar  by  elimination  of  water  and  formic 
acid.  (Volckel.) 

c.  If  the  wood-tar  be  again  subjected  to  distillation,  three  layers  of 
liquid  collect  in  the  receiver,  the  upper  being  light  tar-oil  (the  empyreu- 
matic oil  of  Berssehus),  the  middle  consisting  of  wood- vinegar  and  water, 
and  the  lowest,  of  heavy  tar-^nl  (the  empryeumatic  resin  and  oU  of 
Berzelius.)  When  about  half  the  tar  has  been  distilled  off,  the  residue 
solidifies  on  cooling,  forming  the  black  pitch  of  commerce. — If  the 
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entire  distillate  be  again  rectified,  the  liquid  which  passes  over  consists 
chiefly  of  eupione,  so  long  as  it  floats  on  the  water,  afterwards  of  creosote 
when  it  siiis,  and  finally  of  paraffin,  when  grey  vapours  make  their 
appearance.  (Reichenbach.)  After  the  paraffin,  chrysene  and  pyrene 
(C**II")  pass  over.  (Laurent.) 

The  usual  constituents  of  wood-tar  are  the  following,  besides  small 
quantities  of  those  which  pass  over  in  greater  quantity  into  the 
crude  wood-spirit  and  wood-vinegar,  mesite  (ix,  63),  toluene  (xii,  226), 
xylene  (xiii,  116),  cumene  (xiii,  338),  methol  (xiii,  341),  and  a  peculiar 
hydrocarbon  isomeric  with  cumene  (xiii,  341);  eupione  (ruf.  wf,),  creosote 
(xi,  134),  carbolic  acid,  cresol,  capnomor,  picamar,  pittacal,  cedriret, 
paraffin,  naphthalin,  paranaphthalin,  chrysene  and  pyrene. 

The  heavy  tar-oil  obtained  in  the  distillation  of  very  resinous  woods 
contains  retene  C"H**  (Erauss  &  Fehling ;  Fritzsche.) 

The  first  portions  of  empyreumatic  oil  obtained  in  the  distillation  of 
wood  are  colourless  and  mobUe,  but  the  subsequent  portions  are  yellow, 
finally  brown  and  black,  and  at  the  same  time  more  viscid.  On  recti- 
fying this  oil  per  se,  the  same  appearances  are  repeated,  and  charcoal 
is  left  in  the  retort  at  each  distillation.  But  by  distilling  the  empy- 
reumatic oil,  a  few  times  with  water,  it  is  obtained  colourless  and 
mobile,  and  leaves  a  residue  of  pitch.  (Berzelius,  Lehrb.  3  Aufl.  8, 
486.)  The  residue  left  on  distillmg  the  empyreumatic  oil  with 
water,  yields  to  water,  acetic  acid  and  resin,  while  a  resin  is  left, 
identical  with  that  obtained  from  glance-soot  (Glanzrws),  (Colin,  Ann^ 
Ckim.  Phys.  12,  209.) 

The  first  twenty  litres  of  the  volatile  distillate  from  600  kilo- 
grammes of  beechwood  tar  contain  acid  water  and  mesite,  together 
with  smaller  quantities  of  creosote,  eupione,  and  picamar.  The 
picamar  may  be  prepared  from  that  portion  of  the  distillate 
whose  specific  gravity  lies  between  0*9  and  1*15 ;  the  pittacal  and 
capnomor  from   that  portion  of  the  tar  obtained   in  the  course  of 

the  distillation  which  sinks  in  water.  (Reichenbach ;  for  further  deteils  re- 
specting  this  body  see  below.) 

Light  Tar-oil.  —  This  oil  always  passes  over  yellow,  even  after 
repeated  distillation,  because  it  contains  furfurol,  pyroxanthogen,  and 
other  substances.  When  subjected  to  dry  distillation,  it  yields,  be- 
tween 40°  and  100°,  a  small  quantity  of  liquid,  consisting  of  acetate 
of  methyl,  acetone,  mesite,  xylite,  and  products  of  decomposition  of 
the  latter  bodies ;  and  between  100°  and  200°,  a  mixture  of  oxygen- 
ated and  non-oxygenated  products.  The  portion  which  goes  over 
between  100°  and  150°,  yields,  when  treated  as  directed  at  page  341, 
vol.  xiii.,  toluene,  xylene,  oxide  of  mesityl,  and  a  small  quantity  of 
methol;  the  distillate  obtained  between  150°  and  200°,  yields,  when 
treated  in  like  manner,  methol  and  oxide  of  mesityl,  and  appears  to 
contain  a  small  quantity  of  capnomor.   (Volckel,  Ann.  Phamu  86,  331.) 

The  light  volatile  tar- oil  appears,  therefore,  partly  to  go  over  with  the  wood -spirit, 
inasmuch  as  Cahoars  found  Uie  same  bodies  in  French  wood-spirit  (see  page  150).  The 
volatile  oil  from  wood-spirit  examined  by  Kuie  {Atm.  Pharm.  19^  168),  was  doubtless 
also  a  mixture  of  the  same  bodies  (Kr). 

Beichenbach*8  Eupione.  —  Under  this  denomination,  Beichenbach 
described  several  bodies,  probably  of  mixed  nature.  Subsequently  the 
name  was  applied  to  certain  empyreumatic  oils,  agreeing  with  Reich- 
enbach's  eupione  in  being  unalterable  by  oil  of  vitriol  or  by  potash- ley 
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(xiv,  824).  (Gregory,  J",  pr.  Chem.  4,  5. — R.  Brandes,  N,  Br.  Arch. 
16,  122.)  —  a.  Formerly  {Schxo.  61,  177;  62,  129;  Berz.  Jahresher.  12, 
309),  Reichenbach  obtained  eupione  from  wood-tar,  or  from  the  tar  of 
animal  substances, — by  freeing  the  light- tar-oil  from  all  its  alterable 
constituents  by  agitation  with  oil  of  vitriol,  distillation  with  nitre  and 
oil  of  vitriol,  and  digestioH  with  potash-ley,  oil  of  vitriol,  and  hot 
potash-ley  successively, — and  then  rectifying  the  floating  eupione  over 
potassium, — as  a  colourless,  thin,  tasteless,  and  odourless  uquid,  of  sp.  gr. 
0'74,  boiling  at  169°,  not  solidifying  at  20°,  difficult  to  set  on  fire,  but 
burning  from  a  wick  with  a  smokeless  flame.  This  eupione  is  regarded 
by  Volckel  (Pogg.  82,  496)  as  a  mixture  of  the  hydrocarbons  from 
light  tar-oil.  —  b.  More  recently  (J.  pr.  Qhem.  1,  377 ;  Berz.  Jakresber. 
15,  400),  Reichenbach  prepares  eupione  from  the  oils  obtained  by  the 
dry  distillation  of  rape-oil,  in  the  same  manner  as  formerly  from  wood- 
tar,  and  now  obtains  it  as  a  colourless,  extremely  mobile  liquid,  of  high 
dispersive  power,  of  sp.  gr.  0*655  at  20°,  and  boiling  at  47  . —  Eupione 
prepared  by  Reichenbach  did  not  boil  when  immersed  in  water  at  80°, 
and  contained  77*46  p.  c  C,  14"31  H.,  and  8-23  O.  (Hess,  Ann.  Phurm. 
23,  258).  —  Prom  birch- wood  tar,  Hess  {Pogg.  36,  417)  obtained  by 
Reichenbach's  method,  only  the  heavy  volatile  eupione  boiling  between 
100°  and  140°,  and  containing  equal  numbers  of  atoms  of  carbon  and 
hydrogen ;  but  from  oil-tar  he  obtained  a  very  mobile  liquid,  which 
passed  over  between  45°  and  75°,  and  was  not  altered  by  oU  of  vitriol. 
The  latter  still  contained  oxygen^  and  after  deducting  this  element,  it 
contained  carbon  and  hydrogen  in  the  atomic  proportion  C*®H^'; 
according  to  Frankland  {Ann.  Pharm.  74,  57),  it  is  perhaps  partly  or 
wholly  identical  with  hydride  of  amyl  C"H". 

By  repeated  fractional  distillation  of  the  heavy  tar-oil^  a  hght  oil 
which  passes  over  at  the  beginning  of  the  distillation,  and  paraffin 
which  passes  over  at  the  end,  may  still  be  separated.  When  enough 
carbonate  of  potash  to  neutralise  the  acetic  acid  which  still  adheres  to 
it,  is  added  to  the  middle  poj^tion,  an  oil  separates,  which  may  be 
divided,  by  agitation  with  potash-ley  of  sp.  gr.  1*2,  into  an  insoluble 
part  (which  contains  light  volatile  oil)  and  an  alkaline  solution,  from 
which  acids  separate  creosote  and  capnomor. — The  portion  of  pine- 
wood  tar  which  distils  between  150°  and  220°,  contains  carbolic  acid 
and  cresylic  alcohol.  (Duclos,  Ann.  Pharm.  109,  135).  Gorup-Besanez 
could  not  detect  carbolic  acid  in  beech-wood  tar.  {Ann.  Pharm.  37, 
258). 

Black  pitch  dissolves  almost  completely  in  alcohol  and  in  potash-ley. 
When  its  alkaline  solution  is  boiled,  a  coloured  oil,  possessing  a  stupe- 
fying smell  passes  over ;  and  when  made  acid  agam,  it  yields  volatile 
fatty  acids  on  boiling,  whUe  a  black  mass  is  deposited.  On  boiling  this 
mass  with  water,  creosote  is  given  off ;  and  if  the  treatment  with 
potash  and  add,  which  has  just  been  described,  be  several  times  repeated, 
the  black  mass  is  converted  into  a  black  powder,  which,  after  long 
boiling  with  hydrochloric  acid,  yields  to  alcohol  only  a  small  quantity 
of  resin,  and  there  remains  a  substan^,  insoluble  in  alcohol  and  also 
in  potash,  and  containing  65*04  p.  c.  carbon,  4*89  p.  c.  hydrogen, 
and  30*07  p.  c.  oxygen.  (Volckel.) 

The  residue  left  by  the  destructive  distillation  of  wood, — 
the  charcoal^  that  is, — ^retains  the  structure  and  form  of  the  wood 
but  has  a  smaller  biilk.  Between  280°  and  340°,  it  is  obtained  as 
red  coaly  and  at  higher  temperatures  as  black  coal  (comp.  p.  149) ;  the  more 
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intense  the  heat,  the  less  hydrogen  and  oxygen  does  it  retain,  but  it  is  not 
obtained  quite  free  from  them,  eyen  if  heated  to  the  melting  point  of 
platinimi.  The  specific  gravity,  hardness,  and  conducting  power  of  char* 
coal,  increase  with  the  temperature  at  which  it  is  prepared;  its  absorptive 
power  for  water,  and  its  inflammabihty,  on  the  other  hand,  dimmish  as 
the  temperature  rises.  Charcoal  prepared  at  290*^  has  sp.  gr.  1'406, 
that  prepared  at  the  melting  point  of  platinum  has  sp.  gr.  2-002  j  pre- 
pared at  260°  —  280°,  it  takes  fire  m  the  air  at  340°  —  360° ;  prepared 
at  the  melting  point  of  platinum,  it  does  not  take  fire  below  the  melting 
point  of  copper.  The  employment  of  overheated  steam  renders  the 
charring  more  uniform,  and  causes  it  to  take  place  at  a  lower  tempera- 
ture than  it  otherwise  would.  Charcoal  prepared  by  means  of  over- 
heated steam,  below  the  melting  point  of  antimony  (430°),  has  the 
properties  of  charcoal  prepared  without  steam,  at  1200°.  (Violette.') 

The  products  of  the  distillation  of  peat,  lignite,  and  coctl,  contam  a 
large  proportion  of  the  compounds  obtained  by  distilling  wood;  the  more 
recent  the  formation  of  the  substance  employed,  the  more  of  them  does 
the  distillate  contain.    Light,  pale-coloured  peat  and  lignite,  which  still 
show  a  distinctly  woody  structure,  yield  a  light  tar,  and  an  acid  watery 
distillate,  often  m  such  quantity  that  the  latter  might  be  emjdoyed  for 
the  manufacture  of  wood-vinegar ;  while  heavy,  dark,  black  peat  and 
most  kinds  of  Hgnite,  yield  ammonia- water,  and  a  heavy  tar  con- 
taining volatile  bases,    reat  begins  to  decompose  at  109°,  yielding  at 
first  water  and  a  small  quantity  of  yellow,  mobile  oil,  and  afterwards 
anmionia-water  and  tar.     The  various  kinds  of  peat  yield  5*6  to  9*2 
p.  c.  tar,  and  25  to  89  p.  c.  ammonia- water.     Lignite,  is  decomposed 
much  below  red  heat  and  yields  1"5  to  12'76  p.  c.  tar  and  12  to  70  p.  c 
ammonia-water.      Peat-  or  lignite-tar  is  coffee-brown,   of    sp.   gr. 
0*880  —  0*976,  and  generally  solidifies,  from  containing  paraffin,  when 
cooled.     In  the  further  treatment  of  the  tar,  it  is  carefully  freed  from 
ammonia-water  by  being  heated  to  100°  and  allowed  to  subside ;  the 
heavier  tars  are  slowly  heated,  common  salt  or  Glauber's  salt  being  added 
to  hasten  the  separation;  and  then  the  tar  alone  is  gradually  heated  in 
a  still.    Gaseous  sulphide  of  ammonium  and  pyrrol-bases  pass  over 
below  100° ;  at  100°,  a  Httle  very  strong  anmionia-water  and  Kght  oil 
of  sp.  gr.  0*700 ;  next  follow  oils  of  constantly  increasing  density  in 
accordance  with  which  they  are   separated  into  various   portions. 
Above  200°,  a  fresh  quantity  of  water  appears,  separated  out  from 
carboUc  acid  and  creosote,  and,  when  the  water  has  ceased  to  come, 
oils  containing  paraflBn.     The  distillation  is  continued  till  the  residual 
asphalt-pitch  has  acquired  the  proper  degree  of  hardness,  or  until  it  is 
entirely  charred.     (Vohl.)    Vohl  thus  obtained  from  many  different 
peat-tars,  from  11  to  84*6  p.  c.  light  oil  of  sp.  gr.  0"820,  from  8*67  to 
36  p.  c.  heavy  oil  of  sp.  gr.  0*860,  from  0*424  to  8*01  p.  c.  para£Sn,  and  from 
11*54  to  42*4  p.  c.  asphalt-pitch;  from  lignite-tars,  he  obtained  from 
10*63  to  83*5  p.  c.  hght  oil,  from  11*11  to  43*6  p.  c.  heavy  oil,  from 
1*25  to  6*73  p.  c.  paraffin,  and  from  11*11  to  22*22  p.  c.  pitch.    From 
Other  peat-tars,  he  obtained  18*9  —  84*5  p.  c.  carbolic  acid  and  creo- 
sote, and  46*5  p.  c.  from  lignite  tars.     The  gas  evolved  at  the  begin- 
ning of  the  distillation  of  peat  has  little  or  no  luminosity ;  later  on,  as 
the  temperature  iTses,  it  has  somewhat  more.    In  order  to  use  peat  or 
lignite  for  the  preparation  of  illuminating  gas,  they  must  be  treated 
in  the  same  way  as  wood.    Coal-tar  is  specifically  heavier  than  the 
foregoing,— its  sp.  gr.  is  1'12— 1*15  (Mansfield),— ridier  in  volatile 
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bases,  heavy  oils,  and  generally  in  naphthalin ;  as  the  last  product, 
however,  is  only  produced  by  the  contact  of  the  vapours  with  the  red- 
hot  sides  of  the  retort  (see  xiv.  2,  3)  it  is  not  a  necessary  constituent, 
and  may  be  entirely  wanting  in  tar  which  distils  at  a  comparatively 
low  temperature.  It  is  generally  found  in  coal-tar,  and  in  larger 
quantity  when  clay  retorts  are  used' than  when  iron  retorts  are  em- 
ployed. The  more  naphthalin  a  tar  contains,  the  less  paraflSn  can  be 
found  in  it.  Grace  Calvert  found  in  tar  from  Boghead-coal,  41  p.  c. 
paraffin  but  no  naphthalin,  and,  on  the  other  hand,  in  tar  from  three 
other  kinds  of  coal,  no  paraffin,  but  as  much  as  58  p.  c.  naphthalin. 
These  tars  contained  3  —  14  p.  c.  carbolic  acid,  2  —  12  p.  c.  light  oil, 
12—85  p.  c.  heavy  oil,  and  14—29  p.  c.  pitch.  Thenius  found  in  gas- 
tar,  on  an  average,  4  p.  c.  Ught  oil,  8  p.  c,  pure  carbolic  acid,  and 
4  p.  c.  ammonia- water ;  on  the  contrary,  he  found,  in  tar  obtained  by 
careful  destructive  distillation,  more  than  80  p.  c.  of  light  oil  of  sp.  gr. 
0*900.  The  further  treatment  of  coal-tar  on  the  large  scale  for  the 
purpose  of  obtaining  its  several  constituents,  is  the  same  as  that  fol- 
lowed in  the  case  of  peat  and  lignite-tar.  For  the  mode  of  separating  the 
Tarious  hydrocarboDs,  seezi.  135  —  137 ;  for  the  mode  of  separating  the  carbolic  acid 
seezi.  143. 

In  addition  to  the  substances  already  enumerated  as  contained  in 
wood-tar,  coal-tar  contains  rosolic  and  brunolic  acids  (Runge),  propyl 
(C»H";,  butyl  (C"H«),  amyl  (C»H»),  and  caproyl  (C'*H«),— [f  ao- 
cording  to  Williams's  latest  experiments,  {Chem,  Soc.  J".  15,  180)  these 
hydrocarbons,  which  he  formerly  believed  to  be  homologues  of  methyl 
and  ethyl,  are  probably  homologues  of  marsh-gas  (hydride  of  methyl) ; 
e.  g.,  C»H"  =  CP»ff »,H  (hydride  of  caproyl),  C"H«  =  C^IT^H  (hydride 
of  capryl)  &c.  %"], —  caproene,  oenanthylene  (Williams),  parabenzene 
(Church),  cymene  (Mansfield),  methylamine  and  its  homologues  up  to 
amylamine  (Williams),  anihne  (Runge,  Hofmann),  pyridine,  pioohne, 
lutidine,  coUidine,  parvoline  (Williams),  corridine  (U*Nff •),  rubidine 
(G^Nff^,  viridine  (C**NH"),  (Thenius),  chinoline,  lepidine,  cryptidino, 
(Wilhams),  pyrrol  (Runge),^  anthracene  (C*H")  (Laurent,  Anderson). 
The  bases  are  combined  with  hydftsulphuric,  acetic,  carbonic,  prussic, 
and  hydro-sulphocyanic  acids,  and,  in  the  watery  distillate  and  tar 
from  ugnite  and  peat,  with  formic,  propionic,  and  butyric  acids 
(Sullivan),  and  valerianic  acid     (Vohl.) 

Many  of  these  bodies  are  probably  also  contamed  in  wood-tar,  and 
have  not  as  yet  been  found  in  it,  only  because  they  exist  in  too  small 
quantity. 

The  liquid  hydrocarbons,  with  the  exception  of  cymene  which  passes 
into  the  heavy  oil,  are  found  for  the  most  part  in  the  light  coal-tar-oil. 
The  boiling  points  of  several  of  them  lying  very  close  together,  it  is 
impossible  to  separate  them  by  fractional  distillation ;  hence,  according 
to  Anderson,  the  following  process  must  be  followed  for  this  purpose. 
The  hydrocarbons  of  the  general  formula  C°H"  are  converted  into  bro- 
mine-compoimds  by  agitation  of  the  mixture  with  bromine  and  water ; 
the  hydrocarbons  C°H"+'  and  those  of  the  benzene  series,  C^H****,- which 
remain  unaffected  by  this  treatment,  are  distilled  off ;  the  residue  left 
to  stand,  and  the  middle  layer  of  the  three  into  which  it  separates 
repeatedly  distilled  with  alcohoHc  potash  and  sodium,  in  order  to  repro- 
duce the  hydrocarbons  OH°.     In  this  way,  caproene,  b.  p.  71°  (see  zi. 

411.     The  boiling  point  of  caproene  is  55®  according  to  Frcmy  [W] ), —  may  be  ob- 
tained from  that  portion  of  the  distillate  from  Boghead-coal  which 
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passes  over  between  71°  and  77°  and  has  sp.  gr,  0*75,  and  oenanthylene, 
b.p.  99°  (xii.  445),  from  the  portion  which  boils  between  82°  and  88°, 
(Anderson.)  The  liquid  distilled  off  from  the  bromine-compounds  is 
treated  with  fuming  nitric  acid,  or  with  nitro-sulphuric  acid,  whereby 
the  hydrocarbons  of  the  general  fonnula  C°H"~^  are  converted  into 
nitro-compounds ;  the  portion  not  attacked  by  the  acids  is  separated, 
washed  with  aqueous  alkali,  dried  by  means  of  soUd  potash,  and  recti- 
fied over  sodium :  by  this  process  a  mixture  of  hydrocarbons  isomeric 
with  the  alcohol-radicals  is  obtained,  the  constituents  of  which  can  bo 
separated  from  one  another  by  fractional  distillation.  (Anderson.) 
Carbolic,  rosolic,  and  brunolic  acids  occur  principally  in  the  heavy  oil, 
and  naphthalin  also  to  some  extent ;  but  the  last  substance  is  chiefly 
obtained,  together  with  paranaphthalin,  chrysene,  and  pyrene,  by  the 
distillation  of  the  pitch.  The  volatile  bases  occur,  according  to  Hof- 
mann,  for  the  most  part  (to  the  extent  of  about  1  p.  c.)  in  the  heavy 
oil :  according  to  Thenius,  in  the  light  oil  of  sp.  gr.  0*890  —  0*900 :  and 
the  bases  of  the  chinolme  series,  according  to  Williams,  in  the  heaviest 
oil.  Pyrrol  and  adhering  hydrocarbons  are  removed  by  boiling  from 
the  acid  solution  of  the  crude  bases,  obtained  by  shaking  the  oil  with 
sulphuric  or  hydrochloric  acid  after  it  has  been  strongly  cooled  to 
separate  the  naphthalin ;  the  bases  are  then  separated  by  caustic  pot- 
ash, purified  by  being  several  times  alternately  dissolved  in  add  and 
separated  by  alkali,  dried  by  distillation  over  solid  potash,  and  the 
several  bases  are  at  last  separated  from  each  other  either  by  fractional 
distillation,  or,  according  to  Williams,  by  fractional  distillation  and 
by  fractional  crystallisation  of  their  platinum-salts.  According  to 
Anderson  (N.  Phil.  Mag,  J.  9,  214,  214),  aniline  cannot  be  separated 
by  distillation  from  the  bases  of  the  pyridine  series ;  in  order  there- 
fore to  prepare  these  in  a  state  of  purity,  the  aniline  must  be  previously 

destroyed  by  nitric  acid.  For  the  preparation  of  the  indmdual  bases  from  coal- 
tar,  see  xi.  247,  264 ;  xii.  337 ;  xiii.  149,  246  ;  xiv.  103,  519  ;  xv.  5. 

The  acids  of  the  fatty  acid  series,  together  with  hydrocyanic, 
hydrosulpho-cyanic,  and  hydrosulphuric  acids,  are  found  principally 
in  the  ammonia-water,  in  combination  with  ammonia,  methylamine, 
and  other  bases.  The  several  constituents*  are  not,  however,  strictly 
separated  from  each  other  according  to  the  principal  subdivisions  of 
the  products  of  distillation,  but  are  for  the  most  part  contained,  though 
only  in  small  quantity,  in  each  of  them. 

The  distillation  of  coal  being  commenced  at  a  temperature  at  which 
a  part  of  the  liquid  products  of  distillation  are  decomposed,  the  gas  so 
formed  always  contains  from  the  beginning  luminous  hydro-carbons ; 
towards  the  end,  when  the  heat  is  much  increased,  scarcely  anything 
is  formed  but  marsh-gas  and  hydrogen,  and  at  last  the  latter  gas  only. 
Coal-gas  generally  contains  sulphide  of  carbon  vapour.  The  residue 
of  the' distillation,  the  coke,  varies  in  its  properties  in  the  same  way 
as  charcoal,  according  to  the  degree  of  heat  employed. 

2.  ^y  the  action  of  the  air, — ^A.  Wood  either  dry  or  moist  inclosed 
with  air,  forms  carbonic  acid  in  the  course  of  a  few  months  at  the 
ordinary  temperature.  (Karsten,  Berl.  Acad.  Ber,  1860,  38 ;  abstr.  J. 
pr.   Chem.  79,  226), 

B.  The  sawdust  of  recently  felled  timber  (oak  and  hornbeam), 
pressed  together  and  kept  in  a  moderately  warm  place,  enters  after 
some  time  into  vinous  fermentation  (caused  by  the  presence  of  sugar 
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and  albttininous  substances  in  the  sap),  and  yields  an  alcoholic  distil- 
late. (Chevandier.) 

C.  In  moist  air,  wood  decays  or  moulders ;  whereby  a  distinction 
is  made  between  dry-rot  and  wet  rot.  When  undergoing  dry-rot, 
which  occurs  when  it  is  moderately  damp  and  air  is  almost  excluded, 
wood  retains  its  light  colour,  and  often  even  becomes  lighter,  and  its 
elements  separate  in  almost  the  same  proportions  as  those  in  which 
they  exist  in  wood.  Dry-rot  is  sometimes  accompanied  by  evolution 
of  fight,  (i,  191).  It  is  always  accompanied  by  a  fungoid  growth,  but 
whether  as  cause  or  effect  cannot  be  decided.  In  wet  rot,  moul- 
dering (simultaneous  decay  and  putrefaction),  wood  assumes  continually 
a  darker  and  darker  colour,  and  becomes  continually  richer  in  carbon, 
mould  being  produced  at  the  same  time.  Moist  wood,  putrefying  in 
confined  air  changes  the  oxygen  of  the  air  into  carbonic  acid,  but  pro- 
duces even  more  water  than  carbonic  acid.  (Saussure.)  Decaymg 
vegetable  substances  putrefy  in  an  atmosphere  of  hydrogen,  but  con- 
tinue to  evolve  carbonic  acid  (Saussure) ;  hence  Liebig  assumes  that 
the  formation  of  carbonic  acid  during  decay  is  due  to  the  oxygen  of 
the  substance,  and  that  the  oxygen  of  the  air  unites  wiui  the 
hydrogen  of  the  body  undergoing  decay.  From  Mayer's  and  Will's 
analyses  of  oak-wood  mould,  and  from  6ay-Lussac  &  Thenard's 
analyses  of  oak-wood,  he  concludes  that  1  at.  carbonic  acid  is  formed 
for  every  atom  of  water.  —  Hermann  found  186*8  volumes  of  air,  with 
which  21  volumes  of  putrefying  wood  had  been  in  contact  for  five 
days,  diminished  by  ^4*3  volumes,  3'5  vols,  nitrogen  and  27*8  vols, 
oxygen  having  been  replaced  by  27*0  vols,  carbonic  acid.  In  262  vols, 
of  air,  13  vols,  nitrogen  and  27  vols,  oxygen  were  replaced  by  40  vols, 
carbonic  acid  after  ten  days  contact  with  28  vols,  rotting  (not  com-, 
pletely  rotten)  wood.  By  making  the  arbitrary  assumption  that,  in 
the  last  case,  the  water  with  which  the  wood  was  moistened, 
absorbed  "about"  13  vols,  carbonic  acid,  Hermann  concluded  from 
these  experiments,  that,  in  the  production  of  mould,  nitrogen  is  taken 
up  from  the  air  and  nitrogenous  mould  and  ammonia  formed,  and  that, 
in  the  decay  of  fresh  wood,  4  measures  of  carbonic  acid  are  formed  for 
every  1  measure  of  nitrogen  and  2  measures  of  oxygen.  (Since,  how- 
ever, the  air  contained  in  the  rotting  wood,  which  contams,  according 
to  Dessaignes  (i.  192),  a  great  deal  of  carbonic  acid  but  only  a  little 
oxygen,  is  not  taken  into  account  here,  it  is  more  likely  that  the 
differences  in  the  proportion  of  nitrogen  in  the  air  are  caused  by  the 
exchange  of  nitrogen  for  carbonic  acid  existing  ready  formed  in  the 
wo6d:  JRitter.)  He  assumes  the  formula  C*H"CF  to  represent  the 
composition  of  wood,  and  expresses  its  decompositions  during  putre- 
faction by  the  following  equations : 

a.  CTH»0»  4-  0*  +  N  =  4  C0»  +  4  HO  -f  C«Nff  «0^*  (M- 
trolin), 

b.  Further  decomposition  of  the  nitrolm :  5  C»NH»H)"  +  0"  + 
N"  =  C^N»-»H»0«  {Holzhumussaure)  -f  2  C«Nff«0"  (Humusexiract) 
-h  3  NH»  +  26  C0»  4-  14  HO; 

or,    4   C«NffH)"  +  0«  -h  N»»  =  C™N»»H"0»    {Holzhumussaure) 
-f  C»NH»«0"  {Humusextract)  +  3  NIP  +  26C0«  +  12  HO. 
He  supposes  that  1  at.  of  the  ammonia  thus  formed  remains  combined 
with  the  "  Holzhumussaure,"  and  that  2  at.  volatihse. 

c.  Further  decomposition  of  "  Holzhumussaure : "  6  C^N'*'H*H)" 
+  0»  +  N«=5  C^^^WQ^HurrmquMsaure)  + 11  C*>N"H"0*  +  33  HO ; 
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d.  " Torf satzsaure :"  c»Ni«H«0'  +  12H0  +  O*  i-  N<«  =  2C"NH«0". 
Mulder  assumes  the  existence  from  the  first  in  rotting  wood,  of  crenic 
acid,  C>*ffH)",  apocrenic  acid,  C«ff«0«*,  and  uhnic  acid,  C*°H»K)",  the 
first  of  which  disappears  when  air  has  free  access.  He  assumes  that, 
in  general,  oxygen  is  thereby  absorbed  from  the  air,  but  that  only  a 
littie  carbonic  acid  is  f  ormea.  This  applies  especially  to  the  incrusting 
substance  5  in  the  case  of  cellulose  (C**EP*0",  according  to  Mulder)  he 
supposes  a  simple  splitting  up,  without  absorption  of  oxygen ;  thus, 
2  C»*H"0»  =  C*»ff *0"  (ulmic  acid)  +  8  CO"  +  14  HO  +  H" ;  or, 
5  C«*H«0»^  =  C*°H^*0»  (ulmic  add)  +  C^WH)^^  (crenic  acid)  + 
C^8H"0"*  (apocrenic  acid)  +  8  CO*  +  37  HO  +  H»  Hence,  and  from 
the  processes  which  he  supposes  to  take  place  in  the  further  oxidation 
of  the  constituents  of  mould  to  carbonic  acid  (e.g.,  C**H"C  -f 
C»*ff«0"  +  C«fl»0^  +  0"«  =  112  CO*  -f  38  H),  he  assumes  that 
probably  in  most  cases  a  large  excess  of  hydrogen  remains,  and  sup- 
poses that  it  is  not  wholly  oxidised  by  the  air ;  and  that,  when  air  has 
only  partial  access,  carbonic  oxide  and  carburetted  hydrogen  are 
formed  instead  of  carbonic  acid,  the  excess  of  hydrogen  imiting  with 
nitrogen  from  the  air  to  form  anmionia.  He  seeks  to  support  this 
view  by  the  observation  that  mould,  as  it  occurs  in  nature,  always 
contains  ammonia,  and  by  the  experiments  already  quoted  (vii,  94),  in 
which  he  left  substances  free  from  nitrogen  in  contact  either  with  air 
or  water  only,  or  with  air,  water,  and  charcoal,  and  so  obtained 
ammonia  or  (nitrogenous)  mould.  The  yield  of  ammonia  in  these 
experiments,  seems  to  have  been  greater  in  proportion  as  the  raw 
material,  from  which  the  non-nitrogenous  substance  was  prepared, 
was  richer  in  nitrogen.  Cane-sugar  yielded  but  little,  milk-sugar 
much  more,  while  starch  acquired  a  distinct  smell  of  cheese,  and  evolved 
gas. 

D.  When  the  supply  of  air  is  very  limited,  as  under  water  con- 
taining air,  the  decay  of  wood  assumes  still  more  the  character  of 
putrefaction.  Carbonic  acid  and  marsh-gas  are  evolved,  and  the 
formation  of  peat  (principallv  from  the  lower  marsh-plants  mixed  with 
only  occasional  woody  particles),  of  Hgnite  (brown  coal),  and  (after  a  very 
long  time)  of  coal,  takes  place,  accompanied  by  a  fungoid  growth, 
mostly  of  an  acid  character.  Many  kinds  of  lignite  contain  hydrogen 
and  oxygen  in  the  proportion  to  form  water.  The  lignite  of  Ring- 
kuhl  has  been  formed  from  oak-wood  by  the  loss  of  carbonic  acid  and 
water.  (Liebig.)  —  Assuming  that  heat  and  pressure  have  not 
exerted  an  influence,  and  that  atmospheric  oxygen  has  not  had  access, 
the  formation  of  lignite  must  have  been  accompanied  by  absorption  of 
oxygen  and  evolution  of  carbonic  acid,  marsh-gas,  and  water.  ^Bis- 
choff,  J.pr.  Chem.  31,  329.)The  piles  of  ancient  bridges  are  sometimes 
almost  entirely  converted  by  river-water  into  a  brown,  easily  powdered 
mass.  (Herve-Mangon,  BuU.  Soc,  d'Encouragement,  1857,  B34.)  Ap- 
parently well  preserved  wood  from  an  ancient  fortification  on  the 
sea-coast,  near  Carthage,  contained  58*9  p.  c.  ash  and  31*6  p.  c.  organic 
matter,  consisting,  when  dried  at  120"^,  of  58*9  —  60*0  p.  c.  C, 
5.3  ^  5-9  p,  c.  H.,  0*6  p.  c.  N.,  and  33-5  —  35*0  p.  c.  0.,  and  therefore 
approximating  to  the  composition  of  lignite.  (P^ligot,  Compt  rend, 
44,  933.) —  Mevation  of  temperature  may  produce  the  same  result  as 
length  of  time  in  decay  of  this  kind.  Wood  and  plants  heated  in 
water,  with  access  of  air,  to  100°  in  the  day-time  and  to  62°  —  75°  at 
night,  during  1  —  2  years,  were  converted  into  lignite,  but  not  into 
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coal  even  after  2^  years*  heating.  With  the  addition  of  a  quantity  of 
green  vitriol,  equal  to  1  p.  c.  of  the  vegetable  matter,  they  became  like 
coal.  (Goppert,  Pogg.  72,  174 ;  J,  pr,  Chem.  42,  56.)  Concerning  the 
presenration  of  Wood  see  vii,  112. 

3.  Action  of  the  air  at  high  temperatures.  — A.  With  limited  access  of  air: 
Charcoal-burning,  Dietillation  of  Tar,  Manufacture  of  Lamp-black,  These 
processes  are  essentially  the  same  as  dry  distillation,  the  only  differ- 
ence being  that,  instead  of  heat  being  applied  externally,  it  is  generated 
by  the  partial  combustion  of  the  substance  operated  upon.  The  pro« 
ducts  are  therefore  nearly  the  same.  In  charcoal-burning,  the  vapour 
is  not  condensed.  In  the  manufacture  of  lamp-black  it  is  decomposed, 
partlv  by  more  air  being  allowed  to  have  access,  partly  by  exposure 
to  a  high  temperature  in  a  flue  of  masonry  which  very  soon  becomes 
red-hot,  in  such  a  way  that  almost  all  the  hydrogen  is  burnt,  and 
nothing  remains  but  finely  divided  carbon  mixed  with  naphthalin  and 
small  quantities  of  ammonia  and  of  a  substance  resembling  mould. 

Concerning  the  empyrenmatio  oil  obtuned  in  the  distUlation  of  tar  tee  p.  151. 

Soot  contains  many  salts,  chiefly  carbonates,  muriates,  sulphates, 
phosphates,  and  acetates  of  ammonia,  potash,  lime,  and  magnesia.  It 
yields  to  water  56  p.  c.  of  soluble  matter,  and  from  the  residue  18*5  p.c. 
of  ulmin  can  be  extracted  by  alkalis.  The  aqueous  solution  also  con- 
tains ulmin.  When  evaporated  to  an  extract,  ether,  employed  either 
alone  or  with  addition  of  hydrochloric  acid,  takes  up  from  it  a  light 
yellow,  bitter  oil,  which  dissolves  in  a  large  quantity  of  water,  and  is 
precipitated  from  its  aqueous  solution  by  sugar  of  lead,  at  first  with  a 
yiellow,  afterwards  with  a  green  colour,  and  is  also  precipitated  by 
tincture  of  galls,  and  is  further  soluble  in  alcohol,  but  not  in  oil  of  tur- 
pentine, and  is  decomposed  by  heat  or  by  nitric  acid.  This  substance 
is  Braconnot's  Asbolin,  When  the  aqueous  solution  of  soot  is  precipi- 
tated by  sugar  of  lead,  and  the  liquid  evaporated  to  the  consistence  of 
honey  after  the  excess  of  lead  has  been  removed  by  sulphuretted 
hydrogen,  alcohol  precipitates  from  the  residue  Braconnot's  animal 
matter  of  soot.  This  body  deposits  reddish-yellow,  transparent  scales 
by  solution  in  water  and  evaporation,  and  yields  empyreumatic  oil  and 
carbonate  of  ammonia  by  destructive  distillation.  (Braconnot,  Ann. 
Chim.  Phys.  81,  37,  &  53.)  Lamp-black  also  contains  many  salts  and 
a  resin  resembling  asphalt,  which  can  be  extracted  by  oil  of  turpen- 
tine, and  further  broken  up  by  alcohol.  (Braconnot.)  By  dis- 
tillation, either  alone  or  with  water,  it  yields  empyreumatic  oil  and 
naphthalin ;  the  latter  body  is  also  found  subHmed  inside  the  lids  of 
the  casks  in  which  lamp-black  is  kept.  (Reichenbach,  Schw,  61,  188.) 
Acids  give,  in  the  alkaline  extract  of  soot,  a  precipitate  which,  after 
being  dried  at  140"",  boiled  with  alcohol,  and  again  dried  at  140"",  still 
contains  naphthalin,  which  must  therefore  exist  chemically  combined 
with  ammonia  and  humic  acid.  (Mulder,  J.  pr.  Chem.  21,  831.) 
Glance-soot  (a  compact  carbonaceous  deposit  wnich  collects  in  flues 
where  wood  is  burned)  is  only  sHghtly  soluble  in  alcohol,  but  dissolves 
easily  in  soda-ley,  giving  a  solution  which  becomes  gelatinous. 
(Mac  Cullock,  Edinh.  J.  of  Sc.  1,  321.) 

B.  With  free  access  of  air,  wood  burns  with  a  luminous  flame,  the 
gases  and  vapours  generated  by  the  heat  of  the  combustion  itself 
bein*g  immediately  and  completely  burnt  without  smoke  when  the  air 
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is  renewred  with  sufficient  rapidity,  but  with  production  of  smoke  when 
the  air  is  not  quickly  enough  renewed.  The  smoke  condenses  in  the 
chimneys  of  the  fire-places  to  glance-soot,  which  contains  the  ingre- 
dients mentioned  in  the  case  of  lamp-black  but  in  larger  proportions. 

Concerning  HUnefeld's  acid  qf  carhonrvapwr  (KohlendanstB&ure)  See  /.  pr.  Chem, 
7,  29. 

4.  Deal  sawdust  did  not  change  colour  when  kept  several 
years  in  wcUer  free  from  air.  (Saussure.  Ann.  Pharm.  42,  276)  — 
5.  Chlorine  attacks  principally  the  incrusting  substance:  the  cellulose  of 
wood  it  attacks  but  slightly  or  not  at  all.   (Payen ;  comp.  Cellulose  p.  134.) 

—  6.  Wood  is  blackened  by  contact  with  oil  of  vitriol  (pp.  136 — 138)  — 
7.  By  concentrated  nitric  acid,  it  is  converted  without  change  of  form 
into  substances  resembling  pyroxylin  (p.  136)  which  explode  by  heat ; 
it  is  coloured  yellow  or  brown  according  to  the  quantity  of  foreign 
substances  mixed  with  it.  Nitric  acid  extracts  colouring  matter  from 
ebony-wood  without  injuring  its  tissue.  (Dutrochet).  Oak,  fir-  and 
pine- wood  became  gelatmous  by  lying  four  days  in  f imiing  nitric  acid ; 
when  afterwards  washed  with  aqueous  ammonia,  they  became  yellow, 
and  again  colourless  when  washed  with  water ;  under  the  microscope 
they  exhibited  a  cellular  structure,  and,  after  being  boiled  out  with  al- 
cohol, they  had  the  composition  of  cellulose  (43*72  to  44*20  p.  c.  C, 
5*92  to  5*99  p.  c.  H.,  49*84  to  50*36  0.).  No  xyloidin  is  thus  formed. 
(Mulder.)  —  Deal  sawdust,  dried  at  100®,  yields  oxalic  and  pectic 
acids  when  boiled  with  2  pts.  water  and  5  pts.  niti:ic  add.  (Sacc,  -Z^. 
Ann.  Chim.  Phys.  25,  218 ;  J.  pr.  Chem.  46,  360).  Concerning  Sacc's  pectic 
acid  see  below. 

8.  When  treated  with  aqueous  alkalis^  wood  becomes  less  rich  in 
carbon,  because  incrusting  matter  is  removed  and  cellulose  remains  fa 
a  state  of  greater  or  less  purity.   (Payen.)  (Comp.  Cellulose  p.  1 44,  Fr6my.) 

—  Sawdust  gives  oxalic  acid  and  hydrogen  by  the  action  of  fused 
potash,  in  the  same  way  as  cellulose.  (Gay-Lussac,  N.  Ann.  Chim. 
Phys.  41,  398;  Pogg.  17,  171.)  —  When  evaporated  to  dryness  with 
equal  quantities  of  potash  and  water,  almost  the  whole  quantity  of 
wood  is  dissolved  and  converted  into  ulmin  at  the  instant  of  frothing 
up  (Braconnot) ;  the  whole  quantity  of  wood  remains  almost  always 
unaltered.     (Schleiden,  Ann.  Pharm.  42,  302.) 

9.  In  the  manufacture  of  white  lead  by  the  Dutch  process  (v.  124), 
the  boards  which  are  exposed  to  the  action  of  the  air,  carbonic  add, 
aqueous  vapour,  acetic  acid,  and  ammonia  at  an  elevated  temperature, 
become,  after  being  used  8  or  10  times,  each  time  for  30  to  40  days, 
brown  or  black,  light,  crumbly,  bum  almost  without  flame,  and  con- 
tain a  large  quantity  of  ammonia  and  other  salts,  together  with  mould. 
(Payen,  N.  Ann.  Chim.  Phys.  16,  231.)  — 10.  Wood  exposed  to  the 
action  of  water,  particularly  of  sea- water,  in  contact  with  iron  and  air, 
becomes  at  first  black,  from  the  formation  of  a  compoimd  of  ferroso- 
ferric  oxide,  and  soon  afterwards,  the  ferric  oxide  acting  as  a  carrier 
of  oxygen,  crumbly  and  pulverisable ;  hence  iron  nails  cannot  be  used 
in  shipbuilding.    (Kuhlmann.) 

Interpolation. 

1.  Cedriret.  Obtained  from  beech-wood  tar-oil.  The  oil  is  freed 
from  acetic  acid  by  neutralisation  with  carbonate  of  potash,  nixed 
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with  concentrated  potash-ley,  the  oil  which  swims  on  the  top  of  the 
ley  removed,  and  the  ley  neutralised  with  acetic  acid.  Part  of  the 
dissolved  oil  is  thns  separated  out,  while  another  part  remains  in 
combination  with  the  acetate  of  potash,  from  which  it  may  be  obtained 
by  distiUation.  As  soon  as  a  drop  of  the  distillate  gives  a  red  preci- 
pitate with  aqueous  ferric  sulphate,  the  remainder  is  collected  apart. 
When  treated  with  ferric  sulphate  or  with  bichromate  of  potash  and 
tartaric  add,  this  portion  becomes  red,  and,  on  standing,  deposits  red 
needles  of  cedriret.— Thin  red  needles,  which  decompose  when  heated^ 
without  melting.  Inflammable^  burning  away  without  residue.  Dis- 
solves in  oil  of  vitriol  with  indigo-blue  colour,  which  becomes  yellow- 
brown  by  heat  or  dilution. —  Decomposed  by  concentrated,  not  by 
dilute  nitric  oct^.—  SUghtly  soluble  in  boiling  acetic  acid^  not  precipit- 
able  by  ammonia.  Soluble  with  puiple  colour  in  creosote^  precipitated 
crystalline  by  alcohol ;  not  soluble  in  other  solvents.  (Reichenbach, 
Berzel  Jahreab.  15,  408.)  Volckel  {Ann.  Pkarm.  86,  102)  did  not 
succeed  in  obtaining  Reichenbach's  cedriret. 

2.  Creosote.  Appendix  to  toI.  zi»  page  139.  —  Hlasiwetz  &  Barth 
obtained,  bv  fractional  distillation  in  a  stream  of  hydrogen,  a  creosote 
which  distilled  between  205°  and  210°,  and  contained  74'57  p.  c.  C, 
8*09  p.  c.  n.,  and  17*34  p.  c.  0.  It  colxsists,  according  to  them,  of  a 
compound  caUed  creosoly  C^'H^^O*,  since  it  gives,  when  treated  with 
potassium  in  a  stream  of  hydrogen,  compounds  containing  O^KH'O 
and  C^Kff  •0'  (and  bodies  of  similar  composition  when  treated  with 
anmionia,  hydrate  of  baryta,  bromine,  and  other  bodies)  and  at  the 
same  time  a  second  substance,  not  yet  isolated.  When  treated  with 
potassium,  it  yields  by  evaporation  a  small  quantity  of  a  colourless  oi) 
which  is  more  fluid  than  creosote,  no  longer  becomes  solid  with  potash- 
hydrate,  distils  for  the  most  part  between  193°  and  195°,  and  contains 
on  an  average  75*4  p.  c.  C,  and  8*8  p.  c.  H.,  but  which  still  indicates 
the  presence  of  creosote  when  tested  with  alcohoUc  ferric  chloride. 
The  products  obtained  from  creosote  by  distillation  with  lime,  or  by 
long  boiUng  with  potash,  are  probably,  according  to  them,  mixtures 
resulting  from  the  decomposition  of  the  creosote  and  of  the  second  con- 
stituent.  (Hlasiwetz,  Ann.  Fharm.  106, 889 :  for  details  see  the  original  paper.) 

8.  Capnomor.  -—  When  heavy  beech-wood  tai*-oil  is  agitated,  as  for 
the  preparation  of  creosote,  with  potash-ley  of  sp.  gr.  l-^O,  capnomor 
dissolves  together  with  the  creosote.  The  insoluble  oil  floating  on  the 
sui-face  is  removed;  the  alkaline  solution  is  boiled  for  some  tiiDse,  cooled, 
and  supersaturated  with  sulphuric  acid;  and  the  dark-brown  oil  which 
separates  is  distilled  after  the  addition  of  a  little  caitstic  potash ;  the 
distillate  is  shaken  up  with  potash-ley  of  sp.  gr.  1*16 ;  the  undissolved 
portion  removed ;  and  the  alkaline  solution  boiled,  cooled,  treated  with 
sulphuric  acid ;  and  the  mixture  of  creosote  and  capnomor,  which  sepa- 
rates, is  distilled  as  before.  The  same  treatment  is  repeated  three 
times  more  with  the  product,  but  each  time  more  dilute  potash-ley  is 
used,  viz. :  first  of  sp.  gr.  1*12,  then  of  sp.  gr.  1*08,  and  lastly  of 
sp.  gr.  1*05.  The  undissolved  oils  all  contain  capnomor,  but  the  portion 
which  remained  imdissolved  when  treated  with  the  dilutest  potash-ley 
contains  the  most.  This  is  accordingly  mixed  with  an  equal  quantity 
of  oil  of  vitriol  (whereby  it  is  heated  and  coloiured  red),  and,  .when 
cold,  diluted  with  water ;  it  is  freed  from  the  oil  which  swims  on  the 
surface,  and  then  neutralised  with  ammonia.     The  oil  which  thus 
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eeparc^tes  is  also  removed,  and  the  clear  liquid  distiUed ;  capnomor 
then  passes  over  towards  the  end  of  the  distillation,  and  is  again  dis- 
solved in  sulphuric  acid,  the  solution  diluted  with  water,  neutralised 
with  ammonia,  and  redistilled.  The  product  thus  obtained  is  washed 
with  potash-ley  and  rectified,  the  portion  which  passes  over  below  185" 
and  whose  specific  gravity  does  not  exceed  0*98,  being  collected. — 
Colourless  oil,  refracts  light  strongly,  has  an  agreeable  aromatic  smell ; 
sp.  gr.  0-9775,  at  20° ;  boiling  point,  185°.  Neutral.  Burns  with  a 
smokeless  flame;  permanent  in  tne  air;  not  affected  by  boiling  with 
red  leady  oxide  of  copper^  or  mercurio  oxide^  but  reduces  permanganio  cusid, 
acetate  of  silver y  and  terishloride  ofgoldy  the  last  to  the  metallic  state.  — 
Decomposed  by  bromine  and  chlorme ;  coloured  green  and  then  brown 
by  nitric  add  of  sp.  gi%  1*45 ;  decomposed,  when  heated  with  strong 
nitric  acid,  with  formation  of  oxalic  and  picric  adds  and  peculiar 
crystals.  —  Coloured  purple-red  by  oil  of  vitriol  oi  sp,  gr,  1*85;  black, 
by  hot  oil  of  vitriol.  Water  or  aqueous  alkalis  do  not  separate  any  cap- 
nomor from  the  purple-red  solution ;  but,  the  add  solution  paSrtially 
saturated  with  potash,  deposits  a  combination  of  capnomor  with  acid 
sulphate  of  potash,  which  dissolves  again  on  heating,  and  crystallises 
by  cooling  in  caulifiower*like  shapes,  and  does  not  jrield  any  capnomor 
to  alcohol—*  Capnomor  is  but  little  changed  by  potassium  or  sodium.  It 
dissolves  several  saltS)  several  alkaloids,  and  many  other  vegetable 
substances ;  it  causes  caoutchouc  to  swell  up,  ana  dissolves  it  with 
the  aid  of  heat.  — It  dissolves  in  300  pts.  of  boiling  gladal  acetic  acidy 
and  in  all  proportions  in  alcoholy  etker^  acetic  ether^  acetone^  fusel  oily  oU  of 
turpentine^  and  creosote,  (Reichenbach,  «/.  jor.  Chem,  1,  1 ;  Berzel. 
Jahresh.  16,  ^02.)  According  to  Yolckel,  Beidienbach's  ct^momor  does 
not  exist  ready  formed  in  tar-oil,  but  is  produced  during  the  treatment 
with  sulphuric  acid.  Yolckel,  obtains  his  capnomor  [which,  however, 
Gorup-!Besanez  (xi,  142, 145,  149^  and  Hlasiwetz  (p.  161)  regard  as  a 
product  of  the  decomposition  of  creosote]  by  dilssolving  commercial 
creosote  in  excess  of  strong  potash-ley,  separating  the  undissolved 
oil,  and  boiling  the  alkaline  solution  for  a  long  time  after  dilution  with 
water  (see  xi,  149).  The  capnomor,  whidi  passes  over  with  the 
watery  vapour,  is  freed  from  creosote  by  dotation  with  strong  potash- 
ley,  then  distilled  with  water,  washed  with  dilute  sulphuric  add,  and 
after  removal  of  the  water,  distilled  by  itself  over  chloride  of  calcium. 
Thus  obtained,  it  begins  to  boil  at  180°,  the  greater  part  distilling 
between  200°  and  208°  ;  but,  owing  to  a  slight  alteration  caused  by 
distillation,  it  leaves  a  small,  visdd,  &rk-coloured  residue.  The  portions 
distilling  between  200°  and  208°  have  sp.  gr.  0*995  at  15*5°,  and  a 
constant  composition  (on  an  average  81*22  p.  c.  C,  7*82  p.  c  H.,  and 
10*96  p.c.  O!)  corresponding  to  the  formula  C^H^O*.  The  same 
capnomor  seems  to  be  formed  by  the  distillation  of  creosote  with  lime 
(xi,  149).    (Volckel,  Ann.  Pharm.  86,  99.) 

4.  Ficamar. — Obtained  from  that  portion  of  the  heavy  tar-oil  which 
on  fractional  distillation  passes  over  with  sp-  gr.  between  0*9  and  1*15. 
{BerzeUus,  Jahreab^  13,  354.  Subsequentlv  Reichenbach  employs  only 
tar-oil  of  sp^  gr.  1*08 — 1*16.)  The  tar-oil  is  mixed  with  8  pts.  potash- 
ley  of  sp.  gr.  1*16,  allowed  to  stand  for  a  few  days  in  the  cold,  whereby 
picamar-potash  gradually  crystallises  out  (often  occupying  more  than 
one-half  the  bulk  of  the  liquid) ;  the  crystals  are  separated,  purified  b; 
repeated  crystallisation  from  boiling  potash-ley,  until  the  ley  runs  o 
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colourless,  and  decomposed  by  dilute  phosphoric  (or  hydrochloric)  acid ; 
and  the  separated  oil  is  rectified  two  or  three  times  over  dilute  phosphoric 
acid,  and  lastly  alone  m  vacuo.  —  Neariy  colourless,  transparent,  thick 
oil ;  refracts  hght  strongly ;  unctuous  to  the  touch.  Does  not  sohdify 
at  20'' ;  boiling  point  285°  with  715  mm.  pressure  ;  sp.  gr.  1*10  at  20  . 
It  has  a  faint  and  not  unpleasant  smell ;  its  taste  is  unbearably  bitter 
and  burning,  but  the  after-taste  cooling  like  peppermint.  Neutral. 
Becomes  brown  by  boiling  in  the  air ;  not  inflammable  by  itself,  but  hums 
in  a  wick,  or  when  heated,  with  a  bright,  smoky  flame.  Chlorine  con- 
verts it  into  mould,  and  an  oil  insoluble  in  potash-ley ;  with  bromine  it 
gets  hot  and  is  coloured  red-brown.  Nitric  acid  changes  it  into  a  red- 
brown,  greasy  mass,  without  forming  oxalic  acid ;  oil  of  vitriol  does 
not  attack  it  below  150°.  —  Slightly  soluble  in  water.  With  caustic 
potash  (and  likewise  with  ammoniay  soda,  baryta,  and  lime)  it  gives  "a 
crystalUsable  compound,  which  is  decomposed  by  water  or  alcohol,  but 
not  by  carbonic  acid.  Dissolves  in  oil  of  vitriol  without  decomposition 
below  150°  ;  easily  soluble  in  acetic  acid;  soluble  in  all  proportions  in 
wood-spirit,  alcohol^  ether,  acetic  ether,  creosote,  and  sulphide  of  carbon.  It 
dissolves  sugar  of  lead,  cupric  acetate,  camphor,  oil  of  turpentine,  resin, 
picric,  and  benzoic  acids.  (Reichenbach,  Berzel.  Jahresb.  13,  354 ;  Schw, 
67,  274 ;  68,  295,  and  851.)  V6lckel  {Ann.  Fharm.  86,  103),  could  not 
succeed  in  obtaining  Beichenbach's  picamar. 

5.  JPittacal  is  produced  by  addition  of  baryta-water  to  impure 
alcoholic  picamar,  or  to  heavy  tar-oil,  the  acids  of  which  are  not  quite 
neutralized  by  caustic  potash.  It  gives  to  the  liquid  a  beautiful  indigo- 
blue  colour,  which  changes  after  some  time  into  red  or  black.  No 
method  for  preparing  it  in  the  pure  state  is  given.  Thrown  down 
from  its  solutions  as  a  flocculent  precipitate,  or  obtained  by  evaporation, 
pittacal  forms  a  dark-blue,  brittle,  staining  mass,  having  the  appearance 
of  indigo,  and  a  coppery  or  golden  metallic  lustre.  It  has  no  taste  or 
smell,  and  is  fixed  and  neutral.  Unalterable  by  Ught  and  air.  Becomes 
brown  like  mould  at  a  high  temperature  and  chars,  giving  off  an  ammo- 
niacal  smell.  Nitric  acid  decomposes  it.  —  It  is  not  properly  speaking 
soluble  in  water,  but  is  so  finely  divided  when  shaken  up  with  water 
that  the  mixture  passes  clear  through  a  filter.  It  dissolves  with  crimson 
colour  in  diluted  sulphuric  or  hydrochloric  acid,  and  abundantly  with 
aurora-red  colour  in  acetic  acid;  alkalis  restore  the  original  blue  colour: 
the  smallest  trace  of  ammonia  sufiSces  to  do  so  in  the  acetic  acid-solu- 
tion. It  is  quite  insoluble  in  free  aqueous  alkalis,  and  is  precipi- 
tated by  them  from  its  aqueous  or  add  solution  in  blue  flakes,  which 
appear,  under  the  microscope,  to  be  made  up  of  fine  needles.  It  forms 
a  black-blue  combination  with  lime,  and  beautiful  dark-blue  precipi- 
tates, which  are  unaffected  by  caustic  ammonia  in  excess,  with  (even 
slightly  acid)  solutions  of  sugar  of  lead,  salt  of  tin,  sulphate  ofcupram- 
m&nium,  acetate  of  alumina,  &c.  fiy  means  of  salt  of  tin  and  acetate  of 
alumina,  it  can  be  made  to  dye  cotton,  wool,  and  linen.  It  is  insoluble 
in  alcohol,  ether,  and  eupion,  (Reichenbach,  Schw.  68,  1.)  Volckel 
(Arm.  Pharm.  86,  103)  did  not  succeed  in  obtaining  Reichenbadi's 
pittacal. 

6.  Brunolic  acid. — Produced,  at  the  same  time  as  rosolic  acid 
(xi,  153),  by  treatment  of  coal-tar  with  alkalis.  Prcpajfation  xi,  153, 
154.      A  vitreous,    shining,    easily   pulverisable    mass    resembling 
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asphalt.    Most  of  its  compoonds  are  brown  and  insoluble.    It  dis- 
solves in  alcohol,    (Range,  Pogg.  31,  71.) 


Second  Appendix  to  Cellulose, 

1.  ligno-Biilplinric  Acid. 

Braconnot.    Ann.  Chim.  Phys.  12,  185;  Schw.  27,  340;  GiU>.  63,  360. 
Blondeau  de  Oarolles.    Rev.  scient.  14,  476 ;  J.  pr.  Chem,  32,  459. 
Mabchand.    J.  pr.  Chem.  35,  200. 

HolztehwrfeUdure,  PJlanzensehwrfeltUure ;  Aeide  vSgeio-wl/urique  ou  9u1f0' 
iis/nique. 

The  copulated  acid  formed  by  the  action  of  oil  of  vifrol  on  cellolose  is  identical, 
according  to  Gerhardt  {Traiii,  2,  548),  with  sulphamidonic  acid.  If,  however,  as 
B^hamp's  invesUgations  render  probable,  ceUnlose^dextrin  is  different  from  starch- 
dextrin,  it  will  follow  that  there  mnst  be  a  difference  between  the  two  acids,  even 
though  existing  experiments  do  not  suffice  to  prove  it.    (Kr.) 

Formation.  By  the  action  of  oil  of  vitriol  on  hemp,  linen,  cotton, 
or  paper ;  the  gum  (Bechamp's  cellulose-dextrin)  which  is  first  formed, 
uniting  with  the  sulphuric  acid.    (Braconnot.) 

Preparation.  The  solution  obtained  by  triturating  cotton-wool 
with  oil  of  vitriol  is  mixed,  as  soon  as  it  is  clear,  with  a  large  quantity 
of  water,  and  the  solution  is  neutralised  with  carbonate  of  lead  or  car- 
bonate of  baryta;  from  the  resulting  solution  of  ligno-sulphate  of  lead 
or  of  baryta  hydrosulphiuic  or  carbonic  add  separates  limo-sul- 
phuric  acid ;  the  solution  is  evaporated  to  dryness,  the  residue  dis- 
solved in  water  and  precipitated  with  etherncdcohol.  (Blondeau.)  — 
Marchand  allows  oil  of  vitriol  to  stand  for  four  weeks  upon  Swedish 
paper,  neutralises  the  diluted  solution  with  lime,  and  separates  the 
acid  from  the  lime-salt. 

Properties.    XJncrystallisable,  strongly  add  syrup. 

Becomes  brown  at  a  gentle  heat,  and  blackens  below  100°,  yielding 
sulphuric  acid  and  charcoal ;  it  blackens  more  quickly  above  100°,  and 
evolves  sulphurous  acid,  (Braconnot.)  —  The  aqueous  add  splits  up 
into  sulphuric  acid  and  dextrin  when  heated.    (Blondeau.) 

Combinations,    Deliquesces  in  the  air  and  dissolves  easily  in  water. 

With  Bases.  —  Ligno-sulphates.  —  The  aqueous  acid  dissolves 
metalUc  oxides  and  carbonates  and  forms  amorphous  deliquescent 
salts.  (Braconnot.)  These  salts  evolve  sulphiurous  acid  when  heated 
and  leave  a  residue  of  sulphate  and  charcoal.  (Braconnot.)  —  The 
baryta-salt  and  lead-salt  are  decomposed  by  carbonic  acid.   (Blondeau.) 

LignO'Sulphaie  of  Baryta.  —  The  aqueous  solution  of  this  salt  ob- 
tained in  the  preparation  of  llgno-sulpnuric  add  is  evaporated  tVi  vacuo, 
(Blondeau.) 
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Caleulaiion  aeeording  to  Blondeau  de  CaroUes* 

Blond,  de  Carolles. 

18  C 108        ....    24-79    ....    2446 

19  H    19        ....      4*36    ....       4-25 

19  0 152        ....    34-92    ....    3619 

2S0» 80        ....    18-37    ....     18-00 

BaO.... 76-5     ....     17-56    ....     1710 

CWHMO" 2SO»,BaO,IIO  ^  486-5    ....  10000    ....  10000 


LtgnO'Sulpkate  of  Lime. — a.  By  Baturating  the  aqueous  add,  obtained 
as  above  described,  with  chalk  and  evaporating  the  filtrate,  a  colourless 
gum  is  obtained,  which  is  easily  decomposed  by  heat,  is  deHquescent 
and  readily  soluble  in  water. — b.  The  solution  obtained  by  the  action 
of  oil  of  vitriol  on  cellulose  for  12  hours  is  diluted  and  saturated 
with  chalk ;  the  solution  evaporated  m  vacuo,  gives  a  pale  yellow  mass, 
which  is  decomposed  by  heat  in  the  same  way  as  the  lead-salt. — c. 
Oil  of  vitriol  is  allowed  to  act  on  cellulose  for  24  hours,  and  the  pro- 
duct treated  as  in  b.  (Blondeau.) 


Blondettu  de  Carolles.  Marduuid. 


/- 


a.  b.  e.  d, 

C 27-43  ....  21-62  ....  13-68  ....    46-42 

H 5-16  ....       4-42  ....       282  ....       668 

0 40-82  ....  34-49  ....  2452  ....     15-34 

SO" 19-70  ....  28-90  ....  4362 

CaO : 6-89  ....  10-67  ....  1636 


•■•{  31-56 


100-00     ....  100-00    ....  10000     ....  10000 

d.  Prepared  from  paper. — Blondeau  de  Carolles  g^ves  tbe  following  formnlae :  for 
«,  CMRWO"  2SO»Ca,0,2HO -,  for*,  CWH»0O^2SO»,CaO,2HO5  for  c,  C^H<0^2SO», 
CaO,2HO.    According  to  Marchand,  cf«C»H^08,2CaO,SO>. 

LignO'Sulpkaie  of  i^ewf.— Obtained  by  evaporating  m  vacuo  the  solu- 
tion obtained  in  the  preparation  of  hgno-sulphuric  acid. — Feathery 
crystals,  or,  when  thoroughly  dried  in  vacuOy  a  white  pulverulent  mass. 
— Softens  at  100°,  becomes  darker  coloured  and  then  golden  yellow. 
At  a  little  above  100°  it  evolves  carbonic  oxide  and  sulphacetic  acid,  the 
strongly  smelling  vapour  of  which  excites  tears.  When  long  boiled 
with  watery  it  yields  a  precipitate  of  sulphate  of  lead  while  grape-sugar 
(whose  composition  corresponds  to  the  formula  C^^H^'O")  and  sul- 
phuric acid  remains  in  solution.  —  Deliquesces  in  the  air  to  a  thick 
syrup,  and  dissolves  readily  in  water.  —  Chlorine^  in  aqueous  ligno- 
sulphate  of  lead,  produces  hydrochloric  acid,  oxide  of  lead,  and  a 
peculiar  giun,  but  no  sulphate  of  lead.  —  Insoluble  in  alcohol  and  ether, 
(Blondeau  de  Carolles.) 

Caletdaiion  according  to  Blondeau  de  Carolles. 

Blondeau  de  CmoIIm. 

18  C  108  ....  22-51  ....  21-07 

20  H  20  ....  417  ....  4-21 

20  O  160  ....  32-67  ....  32-98 

2SO»  80  ....  \6-88  ....  18-63 

PbO    111-7  ....  23-77  ....  23-11 

C»HWO»2SO»,PbO,2HO 479*7    ....  lOODO    ....  lOO'OO 
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2.  TemitroceUulose. 

BicHAMP.    N,  Ann.  Chim.  Phys.  46,  842 ;  abstr.  Conyot  rmd.  41,  817 ; 
J.  pr.  Ckem.  68,  51- 

Cellulote  triniiriiue,    (Bdchamp.) 

Formation,  1.  By  the  action  of  alcoholio  potash  on  pyroxylin  dis- 
solyed  in  ether-alcohol,  whereby  two-thirds  of  the  nitrogen  separate  as 
nitrate  of  potash.  (B^charap.  —  Comp.  p.  178)  —  2.  In  the  preparation  of 
gun-cotton  with  nitric  acid  of  sp.  gr,  1*41  — 1*45,  the  chief  product  is 
temitrocellulose ;  quintonitrocellulose  is  also  foimed  when  fuming 
nitric  is  used.  (Gladstone,  Mem.  Chem.  Soe.  3,  412.) 

Properties.  When  freshly  precipitated,  resembles  gelatinous  silica ; 
shrinks  to  an  amorphous  yellowish  gum  by  drying  at  the  common 
temperature  or  at  100°.    Hard  and  puhrerisable.  (Bechamp.) 

Gladstone.  Bechamp. 

fMon,  at  100^ 

24  C 144  ....  31'37  ....  30-85     ....  31-01 

3N 42  ....  9'15  ....  —        ....  9-60 

17  H 17  ....  3-72  ....  3-76    ....  4*27 

32  0 256  ....  55-76  ....  —'....  55-12 

C>*X»H»7O20 459     ....  100-00     ....  ....'  100-00 

According  to  B^hamp,  it  oontains  nitric  add  m  •  proximate  oonatitnent    See  p.  1 74 

Decompositions.  1.  Temitrocellulose  (prepared  by  process  2)  kept 
for  some  years  exposed  to  ligkty  evolved  nitric  add  vapours  and  was 
changed  into  gum.  (Gladstone.)  —  2.  Not  altered  at  160°,  but 
eayZoSw  at  168°,  leaving  a  large  residue  of  charcoal.  (Bechamp.)  — 
3.  NitrO'Sulphuric  acid  converts  the  product  of  process  2  into  gun- 
cotton.  (Gladstone.)  —  4.  Dissolved  by  boiling  hydrochloric  acid  with 
evolution  of  chlorine.  (Bechamp.)  —  5.  Sulphuretted  hydrogen  decom- 
poses the  alcoholic  solution,  precipitating  sulphur  and  afterwards 
flakes  containing  sulphur,  which  dissolve  in  water,  are  precipitated 
therefrom  by  alcohol,  and  do  not  explode  by  heat.  —  6.  Aqueous 
ferrous  chloride  converts  it  into  amorphous  cellulose.    (Bechamp.) 

Combinations.  Insoluble  in  water ;  dissolves  readily  in  fuming  nitric 
acid.  (Bechamp.)  As  obtained  by  process  2,  it  is  soluble  in  nitric 
acid  of  sp.  gr.  1-25—1-5,  and  in  oil  of  vitriol.  (Gladstone.)  Dissolves 
easily  in  fuming  hydrochloric  acidj  and  is  precipitated  therefrom  by 
water ;  also  in  dilute  potash-ley^  whence  it  is  precipitated  by  acids ;  and 
in  boiling,  but  not  in  cold,  glacial  acetic  acid.    (Bechamp.) 

Ammoniacal  sugar  of  lead  throws  down  a  white  precipitate  from  an 
alcohoUc  solution  to  which  enough  water  has  been  added  to  produce 
incipient  turbidity.     (Bechamp.) 

Forms  with  alcohol  a  very  fluid,  easily  filtered  solution,  from  which 
water  throws  down  a  finely  divided  precipitate  which  balls  together 
on  drying  or  on  addition  of  ether.    (Bechamp.) 
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Soluble  in  ether,  (Bechamp.)  Fibrous  ternitrocellulose  diBsolves 
with  diflSoulty  in  alcohol^  ether,  ether-alcoholy  and  cicettc  ether  ;  powdery 
ternitrocellulose  dissolves  easily  in  these  liquids,  also  in  glacial  acetic 
acid.    (Gladstone.) 


3.  Quadrinitrocellulose- 

B^HAMP.    N.  Ann.  Chm.  Phys.  37,  207;  J.  pr.  Chem.  68,  15. — N. 
Ann.  Chim.  Phys.  46,  347. 

Cellulose  iitranitrique. 

Formation  and  Preparation.  The  thick  solution  of  pyroxylin  in 
40  pts.  ether  and  15  pts.  alcohol  of  86  p.  c  becomes  quite  fluid  when 
ammonia  gas  is  passed  into  it  for  half  an  hour,  and,  wnen  then  poured 
into  a  large  quantity  of  water,  yields  quadrinitrocellulose  in  the  form 
of  a  white  powder. 

Propei^tiea.  A  light,  white  powder,  without  taste  or  smell;  be- 
comes electric  by  friction.  When  dried  over' oil  of  vitriol  at  20**,  it 
retains  1*73  p.  c.  water,  which  goes  off  slowly  at  100^  (1  at. 
HO  =  1-72  p.  c.) 


24  C  

4  N 

17  H 

37  O 

at  100». 

144  ....  28-07 

56  ....  10-92 

17  ....   3-31 

296  ....  57-70 

B^hamp. 

....  28-22 
...•  10-78 
..«   3-57 
....  57-43 

C«X*Hi70»  .... 

513  ....  100-00 

....  100-00 

Bechamp  giTes  th«  rational  formula  C^HVO>7,4NO>  (tee  p.  174) ;  the  fomrala 
Q^JL^W-Hy^f  which  containa  1  at.  HO  less,  is  also  admissible  aooordiiig  to  hia  azialyses. 

Decomposidons.  Evolves  red  vapours  when  heated  in  a  tube  to 
145''— 150°;  explodes  at  158°,  leaving  a  residue  of  charcoal.-— 
Evolves  chlorine  in  abundance  when  heated  with  fuming  hydrochloric 
acid.  — Remains  apparently  imchanged  by  mtro-sulphuric  acid ;  dissolves 
in  fuming  nitric  acidy  and  is  precipitated  therefrom  (perhaps  as  quin- 
quenitrocellulose)  by  water.  —  Slowly  converted  by  sulphuretted  hy- 
drogen in  an  ether-alcohohc  solution,  into  the  same  products  as  ternitro- 
cellulose. —  Converted  by  ferrous  chloride  into  amorphous  cellulose.  — 
Insoluble  in  dilute  potash-ley;  dissolves  with  decomposition  in  strong 
ley :  acids  precipitate  ternitrocellulose  from  the  solution. 

Insoluble  in  water ;  dissolves  slowly,  without  evolution  of  gas,  in 
oil  of  vitriol.  Insoluble  in  glacial  acetic  acid  either  cold  or  warm.  Does 
not  dissolve  in  either  alcohol  or  ethen*,  but  dissolves  very  easily  in  ether- 
ahohol;  water  throws  down  from  the  solution  flocks  which  do  not  ball 
together. 
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4.  Pyroxylin. 

Otto  (1846).   Augsh,  AUg,  ZeUung^  vom  5  Ocibr.lS5S;  J.  pr.  Chem. 

40,  193;  abstr.  Compt.  rend.  23,  807. 
ScHoKBEiN  &  BoTTGER.    Allg.  Zdtufig.  1847,  Nro.  3,  Beilagej  21 ;  Pogg. 

70,  320 ;  Compt  rend,  28,  678. 
Dumas.     Con^t,  rend.  23,  806  and  983. 
ScHoKBEm.    BihL  univers.  [4]  3,  18;  Ann.  des  Sdencphys.  natur.  4,  20 

and  28. 
Pelouze.  Compt.  rend.  23,  809,  838,  861,  892  and  1020.—  Compt.  rend. 

24,  2 ;  J.pr.  Chem.  40,  414. 
Knop.     Compt.  rend.  23,  808. 

Av^ROS.     Compt.  rend.  23,  874 ;  J.  pr.  Chem.  40,  197. 
FoRDOS  &  O^us.     Compt.  rend.  23,  982. 

Gaudin.     Compt.  rend.  23,  980  and  1099 ;  abstr.  J.  pr.  Chem.  40,  418. 
Paten.     Compt.  rend.  23,  999  and  1096.  —  Con^t.  rend.  24,  81. 
CoTTEREAU.     Compt.  rend.  23, 1157;  abstr,  J.pr.  Chem. 4^0,  418. 
Mj^ard  &  Flores  Domonte.    Recueil  dee  trav.  de  la  Soc.  Pharm.  1847, 

104;     abstr.   N.    J.  Pharm.  12,    169,  — Compt.  rend.   23,    1087. 

—  Compt.  rend.  24,  87 ;  abstr.  J.  pr.  Chem.  40,  421. —  Compt.  rend. 

24,  390. 
VAN  Rerckhoff.     Compt.  rend.  23,  1140 ;  J.  pr.  Chem.  40,  284. 
VAN  Kerckhofp  &  Reuter.    J.  pr.  Chem.  40,  262. 
Schmidt  &  Hecker.    J.  pr.  Chem.  257. 
Peliqot.     Compt.  rend.  23, 1086. 

De  Vrw.     Compt.  rend.  24,  19  ;  abstr.  J.pr.  Chem.  40,  420. 
SoBRERO.     Compt.  rend.  24,  247  ;  abstr.  J.  pr.  Chem.  40,  421. 
Eansome.     Phil.  Mag.  J.  30,  1. 
Porrett  &  Tesohemacher.     Phil.  Mag.  J.  30,  273  ;  Mem.  Chem,  Soc. 

3,  258, 
Porrett.      PhU.  Mag.  J.  80,  409  ;  Mem.  Chem.  Soc.  3,  287 ;  J.  pf\ 

Chem.  41,  208. 
Walter  Grum.      Phil.  Mag.  J.  30,  426 ;  J.  pr.  Chem.  41,  201 ;  Ann. 

Pharm.  62,  233. 
Gladstone.     Mem.  Chem.  Soc.  3,  412 ;  Pharm.  J.  Tnxns.  11,  401. 
Jean.     Compt,  rend,  24,  1053. 
SouBEiRAN,    N.  J.  Pharm.  14,  263. 
B^OHAMP.     N.  Ann.  Chim.  Phys,  37,  207 ;  abstr.   Compt,  rend.  35,  473 

Inst.  1852,  318;  N.  J.  Pharm.  22,   440;    J.  pr.   Chem.  58,  15 

Pharm.  Centr.  1852,  823.  —  Compt.  rend.  37,  134 ;  Inst.  1853,   261 

J.pr.  Chem.  60,   187;  Pharm.    Centr.  1863,  703. — N.  Ann.  Chim. 

Phys.  46,  338 ;  abstr.  Compt.  rend.  41,  817 ;  J.  pr.  Chem.  68, 51. 
Mann.    J.pr.  Chem.  59,  241. 

Hadow.     Chem.  Soc.  Qu.  J.  7,  201 ;  Chem.  Centr.  1856,  202 ;  J.  pr. 
Chem.  64,  169. 

Oun^eotton.  —  Sehietthaumvfolle,  Ea^lodirende  BaumwolU.  —  Pyroxyle  (Pelonxe), 
Fulmin  (Marx),  Coton  azotique  (Gaudin),  hypoazoiique  (Payen),  Coton  fulminant, 
Tltnti  diolectrigue  explo8\f  (Meynier),  Cellulose  mtrie  or  pentanitrique  (Becbamp), 
Poudre'Coion,  Coton-poudre,  Fulmicoton, 

The  explosiYo  substances  prepared  by  Pelouse  in   1838  {Compt.  rtnd.  7,  713 ; 
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/.  fir.  Chem.  16, 168),  by  treating  cotton- wool,  paper,  and  hemp  with  nitric  acid,  were 
regarded  as  identical  with  xyloidin,  until  Scb^nbein  in  1846  announced  the  discovery  of 
ezplosiye  cotton-wool  applicable  as  a  substitute  for  gunpowder.  The  method  of  pre- 
paring it,  which  he  kept  secret,  or  at  any  rate  a  method  which  equally  yielded  pyroxylin, 
was  immediately  afterwards  discoYerad  by  BSttger  and  by  Otto,  and  published 
by  the  latter.  Knop  afterwards  advantageously  substituted  nitro-sulphuric  add  for 
the  concentrated  nitric  add  employed  by  Otto  in  the  preparation  of  pyroxylin. 

Pyroxylin  prepared  according  to  the  methods  given  below  Beldom 
consists  of  a  single  snbstance,  bnt  is,  for  the  most  part,  a  mixture  of 
several  compounds,  apparently  of  ter-,  qnadri-,  and  quintonitrocellu- 
lose,  the  latter  of  which  chiefly  prevails,  and  is  perhaps  nnder  certain 
conditions  obtained  by  itself.    (For  details  see  below.) 

Formation,    1.  By  treating  cotton-wool  with  faming  nitric  acid. 

(Otto.)      Ter-  and  quinto-nitrocelluloBe  are  thus  formed.     (Gladstone.)  —  2.    By 

treatment  with  nitro-snlphuric  acid.  (Ejiop.)  —  8.  By  treatment  with 
a  freshly  prepared  mixture  of  saltpetre  and  oil  of  vitrioL  (MiUon  & 
Oaudin).  Pyroxylin  prepared  according  to  2  and  3  consists  essen- 
tially of  quinto-nitrocellulose.  (Grladstone,  B^champ.)  —  Paper  (Pe- 
louze),  wood,  and  sawdust  are  similarly  converted  into  explosive 
compounds  by  treatment  with  the  above  mixtures.  (Bley,  CompL 
rend.  23,  809  ;  comp.'  also  Boigean,  Con^t.  rend.  24, 190)$  also  the  epider- 
mis of  the  cactus.    (Payen.) 

In  the  transformation  of  cotton  into  pyroxylin,  water  is  the  only 
other  product  formed.    (Pelouze  and  others.) 

An  explosive  substance  whose  identity  with  pyroxylin  seems 
doubtful  (see  p.  86  and  p.  106)  is  likewise  formed  by  dissolving  starch 
in  nitrosulphuric  acid  (De  Vrij,  Compt.  rend.  24,  19),  or  by  dissolving 
xyloidin  in  nitric  acid  and  precipitating  with  sulphuric  add.  (Cottereau, 
Compt.  rend.  24,  205.) 

Prq>aration.  Purified  cotton-wool  is  immersed  in  an  appropriate 
mixture  of  saltpetre  and  oil  of  vitriol,  or  of  nitric  acid  and  oil  of  vitriol, 
allowed  to  remain  in  it  a  shorter  or  a  longer  time  according  to  the 
degree  of  concentration  and  the  temperature  of  the  mixture,  then 
washed,  first  with  rain-water,  afterwards  with  distilled  water,  till  the 
adhering  acid  is  completely  removed,  and  finally  dried.  For  the  pre- 
paration of  collodion,  or  pyroxylin  soluble  in  ether-alcohol,  the  acid 
mixtures  employed  are  different  from  those  used  for  the  preparation  of 
explosive  pyroxylin,  as  will  be  seen  from  what  follows. 

a.  To  obtain  explosiTe  pyroxylin.  Purified  cotton-wool  is  immersed  in 
a  mixture,  previously  cooled  to  10**  or  15®,  of  1  measure  nitric  add  of 
sp.  gr.  1*45  — 1*50  with  3  measures  oil  of  vitriol  of  ep.  gr.  1"85,  and 
the  imbibition  of  the  acid  is  rendered  as  uniform  as  possible  by  stir- 
ring and  dividing  the  wool.  The  greater  part  of  the  add  is  removed 
from  the  cotton- wool  by  pressing  it  with  a  pestle ;  it  is  then  aUowed 
to  stand  for  an  hour ;  washed  in  a  stream  of  water  till  all  add  reaction 
has  disappeared,  and  finally  with  a  very  dilute  solution  of  potash,  and 
dried  at  65**.  (Schonbein,  Dtngl.  104,  450;  Lieb.  Kopp.  Jahresher. 
1847-1848,  1142.) 

h.    To  obtain  pyroxylin  soluble  in  ether 'alcohol  (collodion-wool).   1  ounce  of 

cotton-wool  is  plunged  into  a  mixture  (which  should  be  prepared 
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immediately  before  use)  of  16  oz.  saltpetre,  12  oz,  common  oil  of  vitriol, 
and  12  oz.  Nofdhaueen  sulphuric  acid  j  it  is  stirred  without  interruption 
for  5  minutes ;  the  whole  contents  of  the  vessel  are  then  poured  into*a 
large  quantity  of  hot  water ;  and  the  cotton  is  collected,  and  washed  m 
a  tin  colander  till  all  adhering  acid  is  thoroughly  removed.  (N.  Br, 
Arch,  104,  274.)  If  the  operation  is  performed  with  the  foregoing 
quantities,  and  the  saltpetre  thrown  cold  into  the  acid,  the  mixture 
possesses,  immediately  after  being  made,  a  temperature  of  68° — 71"", 
which  is  the  temperature  which  answers  best  for  the  preparation  of 
coUodion-wool. 

1.  PreUminary  treatment  of  the  cotton-wool.  The  cotton  is  boiled  for 
some  hours  with  weak  soda-ley,  and  then  well  washed  with  water, 
next  with  veiy  dilute  hydrochloric  add,  and  lastly  again  with  water, 
(van  Kerchoff  &  Renter.)  Carded  cotton  is  treated  successively,  at 
the  boiling  heat,  with  weak  soda-ley,  solution  of  chloride  of  lime,  dilute 
nitric  add,  and  water.  (Walter  Crum.)  —  Schmidt  &  Heds:er  chop  up 
the  cotton- wool  till  it  becomes  like  doth-shearers'  dust.  B^rardI(PoZy^. 
Gentr.  1858,  892)  employs  cotton-shearings  {Scherflochm  der  Baumivolle) 
of  which  the  same  quantity  of  add  can  moisten  a  larger  quantity  llian 
of  carded  ootton. 

2.  Processes  with  nitric  acid  alone.  Gleaned  cotton-wool  dipped  for 
half  a  minute  into  fuming  nitric  acid,  then  immediately  into  frequently 
renewed  water,  so  as  perfectly  to  remove  all  adhering  add,  and  dried, 
is  changed  into  an  explosive  substance,  which  explodes  under  tiie 
hammer  like  fulminating  mercury,  and  bums  away  like  gunpowder 
when  touched  with  a  spark.  (OitOy  J,  pr,  Chem.  40,  193.)  — 100  pts. 
cotton- wool  left  in  contact  with  nitric  acid,  whether  for  a  few  minutes 
or  for  several  days,  yield  168 — 170  pts.  pyroxylin.  (Pelouze,  Compt, 
rend,  23,  892  ;  J.  pr,  Chem.  40,  200.) 

By  dissolving  cotton- wool  in  nitric  add  of  sp.  gr.  1*45  and  precipi- 
tating the  solution  with  water,  temitrocellulose  is  obtained.  (Glad- 
stone, Chem,  Soc,  Mem,  8,  412.) 

3.  Processes  with  nUro-stdphuric  acid.  1  pt.  (or  more :  Knop)fmxdng 
nitric  acid  is  mixed  with  1  pt.  oil  of  vitriol  and  allowed  to  stand  (at 
least  3  minutes :  tmn  Kerckhoff^  Beuter)  a  few  minutes  or  longer  (Knop). 
For  1  measure  oil  of  vitriol,  Pelouze  takes  1  measure  funung  nitric 
add ;  Walter  Crum  takes  3  measures ;  Bansome,  2  measures ;  Mey- 
nier  {Compt.  rend.  26,  44)  f  measure.  Gaudin  immerses  the  cotton- 
wool for  a  few  seconds ;  Meynier  and  Walter  Crum  for  an  hour. — De 
Vrij  mixes  the  cotton- wool  rapidly  with  nitric  acid,  warms  the  mixtm'e 
to  30°  or  35°,  and  precipitates  the  solution  (which  is  at  first  thick  and 
tujbid,  but  afterwards  becomes  clear)  with  oil  of  vitriol. 

Edwards  {J.  Chim.  med.  25,  54)  prepares  collodion-wool  with  equal 
measures  of  oil  of  vitriol  and  of  nitric  add  of  sp.  gr.  1*52,  allowing  the 
mixture  to  act  for  1  minute ;  Hadow  uses  104  pts.  oil  of  vitriol  of  sp. 
gr.  1*833  and  89  pts.  nitric  acid  of  sp.  gr.  1-424,  and  operates  at  55°. 

If  the  adds  are  either  too  concentrated  or  too  dilute,  they  do  not  give 
soluble  collodion-wool ;  the  following  are,  however,  good  proportions : 
—13  pts.  sulphmic  add  of  sp.  gr.  1*632,  12  pts.  nitric  acid  of  sp.  gr. 
1-512-1*518,  and  1  pt.  cotton-wool ;  or,  45  pts.  sulphuric  acid  of 
sp.  gr.  1*75,  12  pts.  nitric  acid  of  sp.  gr.  1*512-1 '518,  and  1  pt.  cotton- 
wool.   The  mixture  is  cooled  to  6°,  the  cotton-wool  stirred  in,  and  the 
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whole  allowed  to  stand  for  24  hours  in  a  covered  vessel  at  d^-d"*. 
At  40''-60''9  one  hour  suffices  for  the  action,  the  coUodion-wool 
obtained  is  not  however  always  equally  good.  Collodion-wool  which 
has  been  rendered  insoluble  by  using  too  strong  sulphuric  add  may  bo 
made  soluble  by  treatment  with  the  proper  mixture  of  acids;  and, 
inversely,  soluble  coUodion-wool  can  be  rendered  insoluble  by  very 
concentrated  acids.    (Mann.) 

Hadow  added  to  a  mixture  of  1  at.  nitric  acid  (NO',nO),  with  2  at. 
sulphuric  acid  (SCPjHO^  quantities  of  water  increasing  /rom  1  to  5 
atoms,  and  obtained  with  the  resulting  liquids  pyroxylin  of  variable 
properties.  100  pts.  cotton-wool,  dried  at  100°,  were  converted,  by 
several  hours'  action  of  the  mixture  N0»,H0-h2(S0*,H0)+H0,  into 
177  pts.  pyroxylin  (weighed  after  drying  in  vacuo  over  oil  of  vitriol), 
which  was  insoluble  in  ether-alcohol.  100  pts.  cotton- wool  Acted  on 
by  the  mixture  NO»,HO+2(SO»,HO)+2HO  became  176  pts.  pjToxylin, 
and  with  the  mixture  NO»,HO+2(SO»,HO)  +  8HO,  171-7  pts.  pyroxylin, 
like  the  first,  nearly  insoluble.  Mixtures  of  nitric  and  sulphuric  acid  in 
the  above  proportions,  but  containing  3-^,  3f ,  4,  and  5  atoms  water 
yielded  respectively  166*4, 160-5, 157,  and  140  pts.  of  a  product  soluble 
m  ether-alcohol,  but  repetition  of  the  experiments  did  not  give  exactly 
the  same  results.  At  15%  the  mixture  NO*,HO+2(SO»HO)4-8nO 
gave  a  product  soluble  in  ether-alcohol;  at  55"*,  a  product  insoluble 
in  ether-alcohol.  Mixtures  containing  more  water  yielded  soluble  pro- 
ducts at  both  temperatures  ;  but  the  pyroxylin  prepared  at  a  low 
temperature  formed  thick,  glutinous  solutions;  that  prepared  at  a 
higher  temperature  perfectly  fluid  solutions.    (Hadow.) 

When  the  acid  mixture  is  saturated  with  hyponitric  add,  it  attacks 
the  cotton- wool  more  violently ;  but  yields  a  slightly  explosive  pro- 
duct, which  dissolves  in  ether-sJcohol ;  whereas  nitro-sulphuric  acid, 
containing  no  hyponitric  acid,  yields  a  large  quantity  of  highly  explo- 
sive pyroxylin.    (Pelouze,  CompU  rend.  24,  86.) 

c.  Processes  with  saUpetre  cmd  oU  of  vitriol  All  these  prooesMt  aim  at  the 
prodnction  of  collodion-wooL  —  Mialhe  {N.  J.  Fharm.  24,  263)  employs,  for 
1  pt.  cotton- wool,  20  pts.  dry  saltpetre  and  30  pts.  fuming  sulphuric 
add,  and  allows  the  action  to  go  on  for  3  minutes.  Livonius  {N.  J, 
Fharm.  16,  122)  and  Magnes-Lahens  {N.  J.  Pharm,  16,  853)  operate 
in  the  same  way,  but  employ  common  oil  of  vitriol  and  allow  the 
action  to  continue  for  5  minutes. 

Mann  recommends  as  the  best  mixture  20  pts.  saltpetre,  and  31  pts. 
oil  of  vitriol  of  sp.  gr.  1*83  to  1*835 ;  he  allows  the  mixture  to  cool  to 
below  50®,  and  tiien  lets  1  pt.  cotton-wool  he  in  it  for  24  hours  at  28° 
or  30®.  If  the  cotton- wool  remains  for  5  or  6  days  in  the  mixture,  at 
about  30®,  the  product  is  all  the  better;  if  the  action  is  only  continued 
for  16  or  20  minutes  the  product  is  imperfect.  He  also  obtained  good 
coUod]on«wool  with  the  following  mixtures  :  1  pt.  cotton-wool  to 
10  pts.  saltpetre  and  33  pts.  sulphuric  acid  of  sp.  gr.  1*80;  1  pt. 
cotton- wool  to  17  pts.  nitrate  of  soda  and  68  pts.  sulphuric  add  of 
sp.  gr.  1*79,  or  to  34  pts.  nitrate  of  soda  and  66  pts.  sulphuric  add  of 
sp.  gr.  1*80.  When  nitrate  of  soda  is  used,  the  add  mixture  is  allowed 
to  stand  24  hours  before  the  cotton-wo<d  is  put  Into  it ;  the  cotton- 
wool is  then  left  in  it  for  5  days  at  30®. 

According  to  Legray  {Oerhwdty  TraxtSy  2,  609)  excellent  collodion 
for  photographio  purposes,  and  completely  soluble  in  ether,  is  obtained 
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by  operating  as  follows : — 80  grammes  powdered  nitrate  of  potash  is 
placed  in  a  capadons  dish,  120-  grammes  concentrated  sulphuric  acid  is 
poured  upon  it,  and  the  whole  well  mixed ;  4  grammes  cotton-wool  is 
then  added  and  stirred  about  in  the  mixture  for  10  minutes,  after 
which  it  is  taken  out  and  thoroughly  washed  with  water ;  the  product 
is  injured  by  allowing  it  to  remain  in  the  add  for  a  longer  time. 

In  order  to  obtain  soluble  collodion-wool  with  a  mixture  of  2  pts. 
saltpetre  and  3  pts.  oil  of  vitriol,  the  cotton- wool  should  be  dipped 
into  the  mixture  while  it  is  still  warm  from  the  heat  produced  in  the 
reaction,  not  after  it  has  cooled.    (B^champ.)    The  foUowing  ezperimeDti 

confinn  this  statement,  bat  aooording  to  the  results  obtained  by  Mann,  it  appears  that, 
when  less  concentrated  sulphuric  acid  is  employed,  long  continuance  of  the  action  pro- 
duces the  same  result  as  an  increase  of  temperature.     [Kr.l     See  also  Hadow,  p. 

1  oz.  cotton-wool,  immersed  in  a  mixture  or  16  oz.  dried  saltpetre 
and  24  (h.  Nordhausen  sulphuric  add  at  81°,  yields  127  p.  c.  pyroxylin, 
insoluble  in  ether,  and  but  slightly  explosive. 

With  common  sulphuric  add,  instead  of  Nordhausen  add,  109  p.  c. 
pyroxylin,  of  similar  properties,  is  obtained  by  10  minutes'  action  at 
56"",  102  p.  c.  by  \  hour's  action  (or,  with  constant  stirring,  108  p.  c. 
explosive,  partially  soluble  pyroxylin),  and  only  86  p.  c.  by  1  hour's 
action.  On  the  other  hand  the  mixture  of  16  oz.  saltpetre,  12  oz. 
Nordhausen  add,  and  12  oz.  common  sulphuric  acid,  mentioned  at 
p.  169,  yields  with  1  oz.  ootton-wool,  at  68**-71®,  123  p.c.  soluble 
collodion- wool  in  3  to  4  minutes,  but  only  102  p.  c.  in  20  to  25  minutes. 
Insoluble  collodion  can  also  be  rendered  soluble  by  treatment  with 
this  mixture. 

f .  Pyroxylin  soluble  in  alcohol  may  be  obtained  by  immereing 
cotton-wool  in  a  mixture  of  4  pts.  by  weight  of  sulphuric  acid  of  sp.  gr. 
1*84  and  3  pts.  nitric  acid  of  sp.  gr.  1*40 ;  decanting  the  add  after 
five  minutes'  immersion ;  poming  the  pyroxylin  into  a  bucket  of  water; 
agitating  it,  with  frequent  renewal  of  the  water ;  leaving  it  immersed 
over  night ;  repeating  the  washings  in  the  morning ;  and  then  spread- 
ing it  out  on  a  table  to  dry.  The  washing  must  be  performed  with 
care,  as  the  pyroxylin  is  of  pulverulent  texture,  and  is  easily  washed 
away.  The  strength  of  the  acids  used  in  the  preparation  is  of  espedal 
importance ;  if  they  are  too  weak,  the  cotton  dissolves ;  if  too  strong, 
the  pyroxylin  produced  is  insoluble  in  alcohol.  (Sutton,  B^,  Chim, 
app.  4,  145).     %. 

100  pts.  cotton- wool  yield  154  pts.  pyroxylin  (Teschemacher  & 
Porrett);  169  pts.  (Teschemacher);  177*9  pts.  (Walter  Crum);  150- 
170  pts.  (Fehhng);  168-170  pts.  (Pelouze;  lOOpts.  Swedish  paper 
yield  175  pts.  pyroxylin :  Pelouze) ;  169  pts.  (Meeker  &  Schmidt) ; 
176*2  pts.  (van  Kerckhoff  &  Renter) ;  173-175*2  pts.  according  to 
Schonbein's  process  (Gladstone,  IM.  Kopp.  Jahreaber.  1847-1848, 
1137);  164-1  pts.  (Ransomc);  142-175  pts.,  varying  according  to  the 
quantity  and  degree  of  concentration  of  the  adds  (Gladstone); 
201*5  pts.  (Soubrisseau.) 

Properties.  Pyroxylin  prepared  from  cotton-wool  returns  the  exter- 
nal properties  of  the  wool,  but  is  usually  somewhat  harsher  to  the 
touch.  It  has  neither  taste  nor  smell,  and  is  neutral  to  moistened  litmus- 
paper.  —  By  friction  it  becomes  more  strongly  electric  than  cat's  skin ; 
it  crackles,  yields  sparks,  and  is  phosphorescent  in  the  dark.  (Gaiffe, 
Compt.  rend.  24,  88.)    The  fibres  of  pyroxylin  seen  under  the  micro- 
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scope,  by  polarised  light,  exhibit  very  little  brightness,  and  scarcely 
any  play  of  colours ;  whereas  the  fibres  of  common  cotton-wool  appear 
bright  and  show  a  beautiful  play  of  colours  in  the  dimmest  light. 
(Kindt,  Fogg.  70,  168.) 


Oalculaiiotu, 


a. 


b. 


24  C  144  ....  28-57 

16  H_ 16  ....  3-17 

4N  56  ....  11-11 

36  O  288  ....  57-15 


24  C  144 

15  H 15 

5  N 70 

40  O  320 


26-23 

2-73 

12-75 

58-29 


CWH»X^O»  

504 

....  100-00 

C«H»*X*0»  

549     ....  100-00 

24  C  .... 

144 
14 
84 

352 

c, 

....     21-24 
....       2-35 
....     14-14 
....     59-27 

24  C  

17  H  

5  N  

42  O  

d. 

14  H  ..., 

6  N  .... 

70     ....     12-34 

44  O  .... 

336    ....     59-28 

(?«H"X»0»  

594 

....  100-00 

(?«H>70»7,5NO*.... 

....  567     ....  100  00 

Schdnbein 

I 

Domonte  & 

van  Kcrckhoff 

Hecker  & 

&  BQttgcr 

• 

Menard. 
a,              b, 

28-5  ....     23-3^ 

&  Renter. 

Schmidt. 

C    

27-43 

•  ■•• 

5  ....  24-59  to  25-03 

....  24-78  to  26-06 

H   

3-54 

■  ••• 

3-5  ....       2-91 

2  ....     2-49  —    2-59 

....     2-68—    2-94 

N   

14-26 

•  ••« 

11-6  ....     ll-3( 

5  ....  13-81  —  14-83 

....  12-26  —  18-60 

O    

54-77 

•  •  ■ « 

56-4  ....     62-3- 

I  ....  5814  —  58-70 

....  59-22  —  69-77 

100-00 

•  •■• 

LOO-0  ....  lOO-OC 

) 

Ranfome 

Walter  Cnim. 

Pelonze. 

Gladstone. 

c 

26-16 

t0«*»«t 

.     24-69     

25-2    to    25-8    .... 

....    261    to    27-9 

H 

3.14 

••«•«•• 

2-48     

2-9    —      2-3    .... 

....       3-22  —      3-33 

N 

10-20 

.     13-80     

12-6    —    130     .... 

12-75 

O 

60-50 

.     5903     

59-3    —    68-9 

100*00 


...  100-00     100-0 
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C. 
H 
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O 


25-9 
3-7 
9-3 


to    26-7 

—  4-1 

—  11-0 


26-77 

2*22 

17-84 

54-87 


Peligot. 

22-17 
2-80 


Scfaonbein  &  BSttger  invest-igated  pyroxylin  which  had  been  diBSolredin  acetic  ether ; 
Domonte  &  Menard  pyroxylin  insoluble  (a)  and  {b)  soluble  in  ether-alcohol;  Roser  & 
Kranss  analysed  air- dried  pyroxylin ;  y.  Kerchhoff  &  Reuter  dried  theiis  in  vacuo ; 
Pelonxe,  his  at  40'~55'' ;  Schmidt  &  Hecker,  theirs  at  90"— 100". 

The  formnlse  a,  b,  c,  represent  pyroxylin  as  ceUulose  which  has  taken  up  3,  4,  or  5 
at.  nitric  add,  with  elimination  of  as  many  atoms  of  water.  If  for  the  purpose  of  com- 
paring the  different  formuls,  we  disregard  for  the  moment  whether  the  various  antiiors 
have  represented  pyroxylin  with  C"  or  with  C^,  and  as  containing  NCH  or  NO*  as  a 
proximate  constituent,  the  various  formula  which  have  been  proposed  may  be  written 
thus:  C«HMX«0«  (P61igot.),  C«H»«X»0«  (Schmidt  &  Hecker.),  C«HWX«0»  (van 
Kcrckhoff  &  Renter.),  C»«H»«X80»*  (Porrett  &  Teschemacher.),  C«H'7X»0«  (Pelouxe). 
The  formula  a  was  proposed  by  Gerhardt  (lYaiU,  2,  504)  for  the  product  examined  by 
Domonte  &  Menard  ;  the  formula  b  was  proposed  by  Gladstone;  formula  c,  by  Walter 
Crum.    According  to  Gerhardt,  the  last  formula  represents  the  composition  of  the  pro- 
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ducts  examined  by  Glndstone,  Pelouze,  Schmidt  and  Etecker,  and  van  KercUioff  & 
Renter.  Tlie  formula  d,  first  proposed  by  Pelouze,  is  aUo  adopted  by  B^champ ;  this 
chemist  obtained  from  pyroxylin  on  an  ayerage  56*77  p.c.  cotton- wool  (cale.  57*14  p.c.) 
See  also  below. 

Febling  gives  the  formula  C^H^0^,4NO,  according  to  which  the  formation  of 
pyroxylin  must  be  supposed  to  be  accompanied  by  elimination  of  water  from  the  nitric 
acid  only,  at  least  for  the  product  examined  by  Roser  &  Krauss.  The  rapid  dilution  of 
the  acids  used  for  preparing  pyroxylin  is  in  opposition  to  this  view.  Schonbein  & 
Bottger's  formula,  C^H^N'O^,  is  inadmissible,  seeing  that  no  %econd  carbonised  product 
is  formed.  Ransome's  formula,  C^^H^O^^,2NO^,  which  involves  the  elimination  of 
hydrogen,  is  equally  inadmissible.  Fettenkofer's  formula,  C^IF0*^,N0',  is  founded 
upon  an  incorrect  nitrogen-determination.  For  Porrett's  adventurous  views  see  Mem. 
Chem,  Soe.  3,  287  5  PMl.  Mag,  30,  273  5  J.pr,  Chem.  41,  208. 

Domonte  &  Menard  assign  the  formula  C^H^^'O^  to  that  portion  of  pyroxylin 
which  is  soluble  in  ether,  and  the  formula  C?*W^X.*0^  to  the  insoluble  portion  ;  the 
former  in  their  glucose  sexnitrique,  the  latter  their  Ugnetue  quadrinitrique,  Gaudin 
(Compt,  rend,  23,  10!^9)  distinguishes  the  soluble  portion  as  itherziline. 

According  to  Hadow,  the  action  of  nitrosidphuric  acid  on  cotton- 
wool produces  mainly  three  distinct  products : 

a.  C»ffX»0^  or  C»H«X>0«>.  Obtained,  in  the  proportion  of 
181*34  pts.  (calcul.  183*3  pts.)  from  100  pts.  cotton-wool,  by  repeated 
immersion  in  a  mixture  of  1  at.  nitric  acid  (HO,NO*),  2  at,  oil  of  vitriol, 
and  3  at.  water.  Insoluble  in  ether-alcohol ;  soluble  in  acetic  ether. 
Yields,  when  decomposed  by  sulphydrate  of  potassium,  54*6  to  55*2 
p.  c.  cotton-wool  (calcul.  54*54  p.  c.)  and  44*07  p.  c.  hyponitric  acid 
(NO*)  after  deducting  the  corresponding  quantity  of  hydrogen  (calcul. 
45-46  p.  c). 

h,  CH^XK)*^.  Obtained  in  the  same  way  as  a,  when  the  acid  mix- 
ture contams  ^  at.  more  water,  100  pts.  cotton-wool  yielding  171*4  pts. 
of  this  compound  (calcul.  174  pts.).  Soluble  in  ether-alcohol ;  insolu- 
ble in  acetic  acid.  Treated  in  the  same  manner  'as  a,  it  yields  67*56 
to  68*84  p.  c.  cotton-wool  (calcul.  57*46  p.  c). 

c.  C*H"X'0*.  The  mixture  employed  for  the  preparation  of  a 
yields,  when  1  at.  water  has  been  added  to  it  (making  4  at.  water  in 
all),  164  p.  c.  of  this  substance  (calcid.  164*8  p.  c.).  Soluble  in  ether 
and  in  glacial  acetic  acid.  Gives  by  decomposition  60*66  p.  c.  cotton- 
wool (calcul.  60*67  p.  c).    (Hadow.) 

According  to  the  views  of  most  chemists,  the  nitrogen  of  pyroxyh'n 
is  contained  in  the  form  of  X  (see  vii.  73)  replacing  hydrogen; 
according  to  B^champ  (who  has  further  extenaed  the  view  previously 
propounded  by  Pelouze,  Cottereau,  and  Walter  Orum)  it  exists  in  the 
form  of  nitric  acid  (NO*).  According  to  the  former  view,  pyroxylin  is 
comparable  with  nitrobeuzoic  acid,  nitrobenzene,  &c. ;  according  to 
Bechamp's  view,  it  is  comparable  with  nitric  ether  (viiL  475).  The  fol- 
lowing decompositions  are  favourable  to  the  latter  view :  1.  Alkalis 
and  reducing  agents  transform  nitro-compounds  into  new  substances 
contaimng  nitrogen,  but  from  pyroxylin  they  regenerate  the  original 
non-nitrogenous  cotton- wool,  just  as  they  regenerate  alcohol  from 
nitric  ether.  (B^champ.)  —  2.  Pyroxylin  behaves  like  a  nitrate,  not 
like  a  nitro-compound,  with  protosulphate  of  iron.  (Cottereau,  Cim^t. 
rend.  23,  1157.)— 8.  Pyroxylin,  decomposed  over  mercury  by  oil  of 
vitriol,  behaves  like  a  nitrate,  giving  off  the  whole  of  its  nitrogen  in 
the  form  of  nitric  oxide.    (Walter  Crum.) 
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Deoompositions*  1.  Under  certain  conditions  which  are  not  accurately 
kaown,  and  do  not  always  occur,  pyroxylin  undergoes  i^ntaneous  d«- 
compoaittony  which  is  either  accompanied  by  ignition  and  explosi9n,  or 
takes  place  more  slowly,  unaccompanied  by  these  phenomena. 

On  the  17th  July,  1848,  the  explosion  of  1,600  kilogrammes  of  gun- 
cotton,  for  which  no  cause  could  be  ascertained,  completely  destroyed 
the  manufactory  atBouohet.  Walls,  from  ^  metre  to  1  metre  in 
thickness,  were  literally  broken  to  powder  from  top  to  bottom,  and 
the  heaviest  ai-ticles  were  hurled  to  great  distances.  (Compt.  rend, 
28,  845.)  Similar  explosions  have  taken  place  at  Dartf ord,  in  Saxony, 
and  at  various  other  plaoes.  An  explosion  of  pyroxylin  took  place  in 
a  magazine  near  Vincennes,  which  no  one  had  entered  for  several  days 
previously.    {Handworierh.  6,  728.) 

Pyroxylin  stowed  away  in  casks  in  a  dry  place  evolved  a  choking 
smell  after  8^  to  9  months,  contained  formic  acid,  and  as  much  as  11*5 
p.  c.  water;  probably  because  the  sulphuric  acid  cannot  be  thoroughly 
removed  by  washing  with  water,  and  then  causes  decomposition  to  set 
in.  —  Pyroxyliii,  stored  up  in  Glashaven,  decomposed  with  evolution  of 
gas,  blowing  out  the  stoppers  of  the  bottles,  and  leaving  as  residue  a 
soft  white  mass,  which  continued  to  evolve  nitric  oxide.  (Maurey, 
CompU  rend.  28,  844.J  —  Pyroxylin,  prepared  in  1847,  crumbled  to 
powder  with  evolution  of  red  fumes,  after  some  time ;  after  12  years, 
the  residue  had  deliquesced  to  a  gum  containing  crystals  of  oxalic 
acid.  (Hofmann,  Ann,  Pharm  115, 283.)  —  A  woven  fabric,  which  had 
been  converted  into  pyroxylin,  evolved  red  vapours,  after  3  years ;  after 
being  then  washed,  it  was  less  inflammable ;  and,  when  dried  at  llO"*, 
contained  3 1*25  p.  c.  C,  4'08  p.  c.  H.,  and  7*88  p.  c.  N.  (Kuhlmann 
&  Wurtz,  Compt.  rend.  42,  676.) 

2.  Pyroxylin  prepared  with  nitric  acid  explodes,  like  fulminating 
mercury,  when  struck  upon  an  anvil  with  a  hammer.  (Otto.)  Mode- 
rately strong  strokes  of  a  hammer  upon  pyroxylin  cause  it  to  fly  to 
dust  with  a  loud  report  but  without  flame.  (Schonbein  &  Bottger.) 
PVroxylin  does  not  take  fire  when  rubbed  in  a  mortar  with  hard  soda- 
glass.  In  other  cases,  pyroxylin  takes  fire  by  friction  only  when  the 
heat  produced  is  sufficient  to  make  it  do  so.    (Schonbein  &  Bottger.) 

8.  Pyroxylin  is  not  decomposed,  or  only  with  difficulty,  by  the 
electric  current.  But  if  pyroxylin  moistened  with  glacial  acetic  add  is 
placed  between  a  silver  and  a  zinc  plate,  connected  by  a  copper  wire, 
and  iJlowed  to  remain  for  eight  hours,  a  small  quantity  of  substance 
m  deposited  on  the  silver  plate,  which,  when  dry,  is  white,  has  the 
appearance  of  starch,  and  blues  litmus.    (Porrett.) 

4.  By  contact  with  a  glowing  match  it  takes  fire  and  hums  away 
instantaneously,  like  gunpowder.  When  warmed  by  itself,  it  either 
takes  fire  and  explodes,  or,  when  heated  more  slowly,  is  gradually 
decomposed  with  inflammation. 

Pyroxylin  may  be  exploded  by  touching  it  with  a  spark,  when  laid 
on  the'palm  of  the  hand  without  causing  pain,  and  when  laid  on  a 
heap  of  gunpowder  without  setting  fire  to  the  latter.  (Knop.^  — 
Pyroxylin  heated  in  an  oil-bath  does  not  take  fire  130° ;  at  150  ,  it 
takes  fire  in  12  minutes ;  at  170"",  in  ^  minute ;  at  200'',  in  12  seconds ; 
at  230°,  instantly,  leaving  no  residue.  (Schonbein  &  Bottger.) 
Payen  observed  the  inflammation  of  pyroxyun,  in  a  stream  of  heated 
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^,  at  25''-30® ;  Piobert,  at  70*'--80*'.  When  heated  in  the  air  it  takes 
fire  at  175°-180°  (Pelouze) ;  at  IBS'*.  (Gladstone.)  Pyroxylin  pre- 
pared from  carded  cotton-wool  does  not  take  fire  below  200°. 
(Payen.) 

Pyroxylin  placed  at  the  bottom  of  a  tube  heated  to  200°,  whose 
temperature  is  gradually  falling,  still  explodes  at  138°,  but  not  at  lower 
temperatures.  If  the  tube  is  quickly  heated,  so  that  the  temperature 
rises  12*5°  in  a  minute,  the  pyroxylin  explodes  sometimes  at  62*5° ; 
generally  in  from  2  to  5  minutes  at  96°.    (Marx,  Pogg.  78,  100.) 

Pyroxylin  when  slowly  heated  gives  off  a  smell  of  nitrous  acid  at 
100° ;  loses  10  p.  c.  of  its  weight  in  an  hour  between  100°  and 
110°  I  becomes  yellow  and  pulverizable,  and  then  sometimes  takes  fire 
suddenly.  (Pelouze.)  Pyroxylin  enclosed  in  glass  tubes  takes  fire  at 
132°  when  qui(ddy  heated  in  an  oil-bath;  when  slowly  heated,  not 
even  at  180°  or  200°.  (van  Kerckhoff.)  If  pyroxylin  is  heated 
slowly,  so  that  the  temperature  rises  6*25°  in  a  minute,  it  begins  to 
evolve  acid  vapours  at  69°,  and  then  explodes  with  much  less  vio- 
lence when  h'ghted;  at  150°,  it  scarcely  explodes  at  all,  and  if  kept 
for  an  hour  at  137°  it  becomes  yellowish  brown,  afterwards  darker, 
and  is  at  last  converted  into  a  black  tissue  which  no  longer  explodes 
in  the  flame.  (Marx.)  Piobert  and  van  Kerckhoff  obtained  similar 
results  by  slow  heating. 

The  gases  produced  by  the  explosion  of  pyroxylin  consist  of 
nitrogen,  carbonic  acid,  carbonic  oxide,  steam,  nitrous  acid  or  nitiic 
oxide,  hydrocarbons,  ammonia,  hydrocyanic  acid  or  cyanogen ;  some 
of  these  gases  are  probably  oidy  formed  under  particular  drcmn- 
stances. 

1  gramme  pyroxylin,  prepared  with  nitrosulphuric  acid,  yielded,  on 
explosion  in  the  vacuum  of  the  barometer,  588  c.  c.  gas,  measured  at 
0°  and  760  mm.  pressure.  This  gas  contained,  in  100  pts.,  4*0  pts. 
nitrogen,  17*2  nitric  oxide,  37*6  carbonic  oxide,  20*8  carbonic  acid,  4*6 
carburetted  hydrogen,  and  15*8  steam.  (Schmidt  &  Hecker.)  Porrett 
&  Teschemacher  obtained,  from  1  gi-amme  pyroxylin,  483  c.  c.  gas, 
containing,  in  100  pts.,  7*14  pts.  nitrogen,  35*72  nitric  oxide,  35*72 
carbonic  oxide,  14*28  carbonic  acid,  and  7*14  cyanogen.  Fordos  &  G^lis 
{CompU  rend,  23,  982)  always  found  cyanogen  or  hydrocyanic  acid, 
whether  the  explosion  took  place  slowly  or  all  at  once,  but  ammonia 
only  in  small  quantity.  —  The  projectile  force  of  pyroxylin  exploded  in 
fire-arms  or  in  mines,  is  from  If  to  6  times  as  great  as  that  of  gun- 
powder ;  the  explosion  takes  place,  however,  too  instantaneously,  so 
that  fire-arms  are  soon  rendered  useless,  and  frequently  burst,  by  the 
employment  of  pyroxylin. 

5.  Pyroxylin  moistened  with  moderately  hot  steam^  and  heated  to 
100°,  evolves,  sometimes  more,  sometimes  less,  nitric  acid  vapour, 
afterwards  hyponitric  acid  vapour,  and  when  coloured  vapours  are  no 
longer  given  off,  is  found  to  have  lost  from  24*2  to  29*3  p.  c.  of  its 
weight ;  it  is  thus  converted  into  typhoxylin,  or  similar  compounds, 
produced  from  pyroxylin  by  fixation  of  water  and  elimination  of  nitric 
(or  hyponitric)  add.    (van  Kerckhoff  &  Renter.)    if  the  red  fames  are  too 

rapidly  eToWed,  explosion  may  occur. 

a.  C«*N«ff*0*»,  van  Kerckhoff  &  Renter's  Typhoxylhi.  —  If  the  loss 
of  weight  by  the  pyroxylin  amounts  to  27  p.  c,  the  residue,  when  dried 
in  vacuo,  contains  on  the  average  33*49  p.  c.  C,  3*91  p.  c.  H.,  and 
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^•66  p.  c.  N;  (calculation,  33-64  p.  c.  0.,  3*73  p.  c.  H.,  6*54  p.  o.  N.) ; 
it  has  therefore  been  formed  by  the  fixation  of  3  at.  water,  and  elimi- 
nation of  4  at.  hyponitric  acid :  C^N«n»0«-|-3HO=C**N*ff«0»+4NO*. 
This  typhoxylin  has  the  appearance  of  pyroxylin,  it  is  very  easily 
powdered,  pure  white,  becomes  brown  at  150°,  more  rapidly  at  170°, 
and  explodes  when  quickly  heated,  evolving  nitric  oxide  and  combus- 
tible gases.  It  is  insoluble  in  cold  nitric  acid,  dissolves  slowly  in  warm 
nitric  acid,  easily  in  cold  sidphuric  acid  and  evolves  gas  when  warmed 
therewith.  Cold  potash-ley  dissolves  it  with  yellow-brown  colour, 
sugar  of  lead  causes  a  precipitate  in  this  solution.  Ammonia  and 
baryta- water  colour  typhoxylin  light  brown.  It  is  only  imperfectly 
soluble  in  ether  or  in  acetic  ether. 

h.  C«*N»H"0'*.  When  the  loss  of  weight  amounts  to  24-2  — 24'9 
p.  c.  (calcul.  25-3  p.  c),  the  residue  contains,  on  an  average,  32*87 
p.  c.  C.,  3*92  p.  c.  H.  (calculation,  32*95  p.  c.  C,  3'88  p.  c.  H.),  it  is 
accordingly  produced  by  fixation  of  4  at.  water  and  elimination  of  4  at. 
hyponitnc  acid. 

c.  C*N*ff'0*',  and  d,  C?*N»H»«0".  The  former  compound  is  con- 
tained in  the  residue  when  the  loss  of  weight  amounts  to  about  30  p.  c. 
(calc.  30*8  p.  c),  and  contains  35*78  p.  c.  C.,  and  4*68  p.  c.  H.  (calcula- 
tion, 35*55  p.  c.  0.»  and  4*20  p.  c.  H.).  The  latter  compound  contains, 
on  an  average,  34*61  p.  c.  C,  and  4*30  p.  c.  H.  (calculation,  34*78  p.  c.  C, 
and  4*34  p.  c.  H.)  They  are  formed  from  pyroxyhn  by  fixation,  the 
former  of  4  at.,  the  latter  of  5  at.  water,  and  elimination  of  4  at.  nitric 
acid,    (van  Kerckhoff  &  Renter.) 

6.  Pyroxylin  moistened  with  himodtde  of  potassium  (solution  of  iodine 
in  aqueous  iodide  of  potassium),  and  afterwards  with  a  mixture  of  1  pt. 
oil  or  vitriol  and  4  pts.  water,  becomes  yellow  after  some  time,  whereas 
unaltered  cotton- wool  is  coloured  blue.    (Kindt,  Pogg.  70,  168.) 

7.  Pyroxylin  dissolves  in  concentrated  nitric  acid  at  80®  or  90°,  and 
IB  precipitated  almost  completely  by  oil  of  vitriol  in  white  amorphous 
fiocks,  otherwise  unchanged ;  water  precipitates  it  in  bitter,  white 
flocks,  soluble  in  alcohol  and  in  a  large  quantity  of  water,  which  bum 
more  slowly  than  pyroxyhn  and  leave  charcoal.  (De  Vrij,  Compt.  rend, 
24,  19.) 

Pyroxylin  is  dissolved  between  38°  and  67°  when  warmed  with 
20  pts.  nitric  acid  of  sp.  gr.  1*45  :  water  added  to  the  solution  precipi- 
tates it  unchanged,  except  that  it  has  lost  its  organised  structure. 
The  nitric  acid  solution  evolves  abundance  of  red  fumes  if  heated 
to  113°,  and,  when  afterwards  neutralised  with  carbonate  and  bicar- 
bonate of  potash,  yields  a  whitish  grey  precipitate.  (Porrett.) 

8.  It  dissolves  less  readily  than  cotton- wool  in  cold  oU  of  vitriol^  more 
easily  in  sulphuric  acid  x)f  sp.  gr.  1*5  — 1*7.  The  solution  evolves  car- 
bonic acid  and  nitrous  gas  at  100°,  and  does  not  become  brown  till 
inore  strongly  heated  (van  Kerckhoff  &  Renter),  not  even  when  boiled. 

(Gladstone.)      The  solutioii  of  cotton-wool  in  oil  of  titriol  becomes  brown  at  90"* 
without  evolying  gSM. 

Bihydrated  sulphuric  acid  neither  dissolves  pyroxylin  nor  becomes 
heated  in  contact  with  it,  but  soon  evolves  a  smell  of  nitric  acid.  If 
water  is  added  after  24  hours,  the  mixture  filtered,  and  the  filtrate 
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distilled,  nitric  acid  passes  over,  and,  when  the  residue  in  the  retort 
gets  more  concentrated,  red  fumes  are  given  off.  (B^champ,  N,  Arm. 
Ckem.  Phys.  46,  358). 

9.  Hot  hydrochloric  aoiii  dissolves  it  with  decomposition.  (Bechamp.) 

10.  Moist  sulphurous  acid  does  not  decompose  it  even  on  heating. 
(Bechamp.) — 11.  Not  altered  by  sulphuretted  hydrogen  passed  into  its 
solution  in  ether-alcohol.  (Bechamp.) 

12.  Pyroxylin  moistened  with  water,  or  dissolved  in  ether-alcohol, 
is  decomposed  by  gaseous  ammonia  into  nitrate  of  ammonia  ani 
quadrinitrocellulose.  (B^champ.^  The  action  of  an  excess  of  ammonia 
aided  by  heat,  on  pyroxylin  moistened  with  water,  yields  a  brown  mass 
devoid  of  structure.  (Bechamp.) 

13.  Pyroxylin  is  decomposed  when  heated  with  aqueous  hydroml- 
phate  of  ammonioy  and  when  washed  and  dried,  no  longer  explodes  by 
heat.  (Pettenkofer,  Marx.)  If  ammonia  is  passed  into  a  solution  of 
pyroxylin  in  ether-alcohol  until  it  becomes  perfectly  fluid,  and  then 
sulphuretted  hydrogen,  a  yellow  precipitate  containing  sulphur  is  pro- 
duced, which  is  insoluble  in  alcohol  of  90  p.  c,  but  partially  soluble  in 
water.  (Bechamp.) 

14.  Moderately  concentrated  ^^<wA- or  soeia-/ey  dissolves  pyroxylin 
slowly  at  the  common  temperature,  more  quickly  between  60®  and  80°, 
with  formation  of  nitrates. 

a.  If  the  solution  is  filtered  before  all  the  pyroxylin  is  dissolved, 
and  precipitated  with  dilute  acid,  a  gelatinous  precipitate  is  produced, 
probably  containing  quadri-  or  ter-nitrocellulose,  which  bums  when  dry, 
but  leaves  a  large  quantity  of  charcoal  and  is  soluble  in  boiling  alcohol, 
or  in  cold  ether-alcohol.  The  solution  may  be  diluted  with  a  considerable 
quantity  of  water  without  becoming  turbid ;  with  aramoniacal  acetate 
of  lead,  it  produces  a  bulky  precipitate.  (Bechamp.) 

h.  The  alkaline  solution  of  pyroxylin  becomes  brown  at  50**  or  60*, 
and  is  then  no  longer  precipitated  by  acids.  If  the  solution  is  neu- 
tralised, shortly  before  this  point,  with  dilute  sulphuric  add,  it  leaves 
on  evaporation  a  mixture  of  nitrate,  nitrite,  and  sulphate  of  potash, 
with  sugar,  which  last  is  converted,  by  further  action  of  alkali,  into 
glucic  and  apoglucic  acids.    (Bechamp.) 

c.  If  the  solution  of  pyroxylin  in  ether-alcohol  is  mixed  with  as 
much  alcoholic  potash  as  is  requured  to  neutralise  the  nitric  acid,  it 
Bohdifies  to  a  jelly,  and  addition  of  water  causes  a  pitch-like  substance 
to  separate,  while  scarcely  any  organic  matter  remains  dissolved  in  the 
supernatant  ether-alcohoL  The  pitch-like  mass  containing  potash, 
when  dissolved  in  water,  yields  a  gelatinous  precipitate  of  temitro- 
cellulose  on  addition  of  acetic  acid.  C«ff '0>^  5N0»  +  2K0,  HO  = 
C«*H^'0",  3N0»  +  2K0,  N0»  +  2H0.  (Bechamp.) 

According  to  van  KerckhofE  {J,  pr.  Chem.  40,  284)  an  excess  of 
moderately  concentrated  solution  of  potash  dissolves  pyroxylin  by 
long  standing  in  the  cold,  with  phenomena  of  decomposition  different 
from  tliose  produced  when  it  is  heated  with  a  smaller  excess  of  potash. 
The  alkaline  solution  contains  nitrite  and  a  small  quantity  of  carbonate 
of  potash,  and  yields  a  pale  yellow  precipitate  with  acetate  of  lead 
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after  snpersaturation  with  acetic  acid,  and  a  further  precipitate  on  the 
subsequent  addition  of  basic  acetate  of  lead.  The  first  precipitate 
had,  in  one  experimemt,  the  composition  of  citrate  of  lead,  but  in 
another  it  yielded,  by  decomposition  with  sulphuretted  hydrogen,  an 
acid  of  the  composition  of  tartrelic  add  (x,  384).  The  precipitate  pro- 
duced by  basic  acetate  of  lead  contained  C"H*0^,  7PbO  (tartersaurea 
Bleioxydy  therefore:  van  Kerckhoff).  Hadow  observed  the  evolution 
of  ammonia  on  warming  pyroxylin  with  potash-ley.  In  the  cold  there 
is  slowly  formed,  without  evolution  of  gas,  a  brown  solution  which 
reduces  silver-salts  and  contains  oxalic,  nitrous,  and  nitric  acid,  to- 
gether with  a  peculiar  acid,  Iladow's  pyroxylic  acidy  which  agrees  in 
its  properties  to  some  extent  with  saccharic  acid. — The  alkalme  solu- 
tion of  pyroxylin  precipitates  silver  from  an  ammoniacal  solution  of 
silver,  as  a  mirror  on  the  sides  of  the  vessel,  (Vohl,  Din^fl.  112,  287). 

15.  Pyroxlin  is  completely  converted  into  cotton-wool  by  alcoholic 
of  hydrosulphate  of  potassium  in  the  course  of  24  hours.  (Hadow,  comp. 
p.  174). 

16.  A  concentrated  watery  solution  of  protochlorideof  iron  in  excess 
acts  upon  pyroxylin,  slowly  in  the  cold,  more  quickly  when  heated, 
transforming  it  into  ordinary  cotton-wool.  Ferrous  acetate  acts  in  the 
same  way,  but  converts  the  nitrogen  of  the  pyroxylin  into  ammonia, 
(Bechamp.)  The  regenerated  cotton-wool  has  the  composition  and 
all  the  properties  of  the  original  cotton-wool,  and  may  be  again  con- 
verted into  pyjroxylin  and  reduced  a  second  time.  (Bechamp,  comp.  also 
p.  173.) 

17.  Pyroxylin  evolves  all  its  nitrogen,  in  the  form  of  nitric  oxide,  by 
contact  with  oil  of  vitriol  and  metallic  rnercuty,    (Crum.) 

18.  It  is  decomposed  by  boUing  aqueous  permanganate  of  potash  with 
formation  of  nitric  acid.  (Gloez  &  Buignet,  Compt,  rend,  47^  172;  J. 
pr.  Chem.  76,  501.) 

19.  With  common  camphor j  fat  oilsy  wax^  or  resins^  pyroxylin  forms 
dark  brown  solutions,  which  give  off  nitrous  acid.  (Hartig,  Unter- 
suchungen  iiber  SchiesshaumwoUe^  Braunschweig,  1847.) 

Combinations.  Pyroxylin  is  insoluble  in  water,  and  remains  un- 
changed when  boiled  with  water  for  a  long  time.  (Pelouze.)  After 
being  kept  for  5  weeks  under  water,  it  is  found  to  be  unaltered  on  dry- 
ing (De  Yrij  ;  for  decompihitioii  by  heating  with  steam,  see  p.  176). 

It  absorbs  fluoride  of  boron  without  change  of  colour  or  loss  of 
inflammability.  If  it  contains  unaltered  cotton-wool,  it  explodes 
by  contact  with  fluoride  of  boron.  (Berthelot,  N.  Ann.  Chim.  Phys. 
88,  58.) 

Insoluble  in  aqueous  cuprammonia,  (Schlossberger,  /•  pr.  Chem. 
78,  578.} 

Insoluble  in  glacial  acetic  acid.  (Schonbein  &  BCttger,  De  Vrij.) 
Pyroxylin,  prepared  with  nitrosulphuric  acid  diluted  to  a  certain  point, 
dissolves  in  glacial  acetic  acid.  (Hadow ;  see  p.  178.)^ —  Forms,  with 
acetone,  a  transparent  jelly,  which  is  curdled  by  water.  With  a  large 
quantity  of  acetone,  it  forms  a  perfect  solution.  (De  Vrij.) —  Insolu- 
ble in  chloroform.  (Magnes-Lahens,  N.  J.  Pharm*  16,  853.  —  Lepage, 
J.  Chim.  med.  25, 147.) 

N  2 


180  CARBO-HYDRATES  C»*HioOio. 

Bissolv6B  in  ivood-apirit,  (Plessy  &  Schutzenberger,  Mulhouse  So'c. 
BulL  25,  187;  DingL  131,  358.)  —  Insoluble  in  alcohol;  slightly  soluble 
in  alcohol  of  40°,  according  to  Magnes-Lahens.  —  Vohl  {Ann.  Pharm, 
70,  360)  boiled  pyroxylin,  prepared  by  means  of  nitrosulphuric  acid  and 
insoluble  in  ether,  for  several  hours  with  absolute  alcohol,  whereby  it 
became  soluble  in  ether.  The  alcohol  had  then  in  solution  a  substance 
which  was  deposited,  on  evaporation,  in  granular  crystals,  and  pos- 
sessed the  following  properties.  It  melted  to  an  oil  at  70°  and  soUdi- 
iied  in  the  crystalline  state  on  cooling ;  exploded  under  the  hammer,  or 
when  heated  to  140°  or  150°  ;  and  was  obtained  from  solution  in 
alcohol  as  a  tough  resin  which  gave  off  alcohol  when  ^heated  with 
water.  It  dissolved  in  ether,  only  when  it  had  absorbed  alcohol ;  it 
was  no  longer  soluble  when  freed  from  alcohol  by  precipitation  from  its 
alcoholic  solution  by  water  and  boiling  with  water  for  several  days. 
It  dissolved  in  oil  of  vitriol,  being  reprecipitated  by  water ;  and  in 
very  strong  boiUng  potash-ley,  with  evolution  of  ammonia.  Its 
potash-solution  reduced  silver  from  an  ammoniacal  silver-solution. 
Hence  Vohl  assumes  that  alcohol  extracts  from  pyroxylin  a  substance 
which  incrusts  the  fibres,  and  so  makes  the  residue  soluble  in  ether. 

Pyroxylin  is  insoluble  in  ether.  With  etJier-akohol  it  forms, 
according  to  its  mode  of  preparation,  sometimes  a  thick,  viscid 
solution,  sometimes  a  perfectly  fluid  one,  and  sometimes  does  not  dis- 
solve at  all  (comp.  p.  170J. 

The  solubility  of  pyroxylin  was  discovered  by  FL  Domonte  &  M(5- 
nard,  and  nearly  at  the  same  time  by  Meynard  &  Begclow.  The  re- 
sulting solution,  collodiouy  leaves  the  pyroxylin  on  spontaneous 
evaporation  as  a  translucent,  tenacious  film  {collodion-film)  impervious 
to  water. 

To  prepare  collodion,  Soubeiran  {N.  J.  Pharm.  14,  263)  shakes^ 
pyi'oxyUn  for  a  few  minutes  with  16  pts.  ether  and  adds  1  pt.  alcohol ; 
Livonius  (N.  J.  Pharm.  16,  122)  employs  22  pts.  ether  and  4  pts. 
alcohol ;  Edwards,  commercial  ether  of  sp.  gr.  0*7  to  0*76 ;  Lassaigne 
J.  Chim.  med.  24,  541),  20  pts.  ether  and  1  pt.  alcohol  of  90  p.  c.  — 
Berard  {Polyt.  Cenh\  1858,  892^  obtains  diy,  transparent,  and  durable 
collodion  by  digesting  pyi'oxyun  for  a  long  time  with  warm  ether- 
alcohol,  decanting  the  clear  solution  after  allowing  it  to  settle,  and 
distilling  off  the  ether.  The  residue  is  completely  soluble  in  ether- 
alcohol,  and  is  not  subject  to  spontaneous  decomposition. 

Collodion-film  is  inflammable.  (Soubrisseau,  N.  J.  Pharm.  14,  47.) 
The  residue  left  by  tlie  evaporation  of  collodion  gives  off  red  fumes  on 
drying  (Domonte  &  Menard),  and  sometimes  explodes  with  violence 
at  about  115^  {Campt.  rend.  23,  1088).  A  large  quantity  of  water  pre- 
cipitates from  the  solution  inflammable  flocks  of  pyroxylin  devoid  of 
organised  structure.  (Domonte  &  Menard,  Magnes-Lajiens.)  The 
residue  left  by  the  evaporation  of  collodion  is  insoluble  in  water  and  in 
aqueous  cuprammonia.  (Schlossberger,  J,  pr.  Chem.  73, 573.)  Collo- 
dion does  not  become  turbid  when  mixed  with  alcohol  or  ether  (Mann),^ 
but  solidifies  after  a  time  to  a  jelly  if  mixed  with  ^  or  ^  pt.  chloroform. 
Lessage,  J.  Chim.  med.  25,  147.) 

Pyroxylin  ^oqb  not  dissolve  in  ether  containing  from  i  to  i  pt. 
ehloroform^  in  nitric  ether,  or  in  monochlormated  vinic  ether.  With 
mlphovinic  acid  and  oil  of  vme^  it  forms  slightly  sticky  solutions. 
(Magnes-Lahens.) 

It  dissolves  in  metht/l-acetic    ether^   and  in  acetic  ether*    (Richier^, 


TUNICIN,  '  Ifll 

♦ 

Schonbein  &  Bottger,  Pelouze,  comp.  p.  173.)  Pyroxylin  swells  up  to 
a  ielly  in  acetic  ether,  which  leaves,  by  evaporation  on  glass  plates, 
whit«  pyroxyKn  devoid  of  organised  structure,  and  this,  when  treated 
even  with  weak  alcohol,  loses  acetic  ether,  and  on  drying  remains 
behind  as  a  powder.  (Ilartig.)— The  solution  is  not  sticky.  (Magnes- 
Lahens,  LivoniuB.) 

Pyroxylin  is  insoluble  in  oil  of  turpentine.  (Magnes-Lahens.) 
Pyroxylin  cannot  be  dyed,  or  only  imperfectly.  But  pyroxylin 
which  is  partially  decomposed  by  long  keeping,  or  cotton-wool  which 
is  incompletely  converted  into  pyroxylin  by  immersion  in  nitro-sul- 
phuric  acid,  takes  more  brilliant  colours  when  dyed  than  common 
cotton- wool.    (Kuhlmann,  Compt.  rend.  42,  673  and  711). 


Tunicin. 

C.  Schmidt.     (1845.)     Zur    vergleichenden   Physiohgie  der  wirhellosen 

Thiere,  Braunschweig,  1845,   62;    Ann.  Pharm.  54,  818. — J.  pr. 

Chem.  88,  433. 
LbwiG  &  EoLLiKEB.     J.  pr.  Chem.  87,  439  ;  Compt.  rend.  22,  38. 
BuMAS,  Edwards,  Bousstngault  &  Patbn.      Compt.  rend.  22,  581 ; 

Ann.  Sciene.  nat.  1846,  238. 
Berthelot.     Compt.  rend.  47,  227  ;  N.  Ann.  Chim.  Phys.  56,  149  ;  Rep. 

Chim.purey  1,  69;  J.pr.  Chem.  76,  371 ;  Pharm.  Centr.  1858,  675. 

OiscoTered  by  C.  Schmidt  in  1846;   diitinguished  from  odlobse  and  named 
TVmctii  by  Berthelot. 

Occurrence.  Comp.  Eandbuch,  viii.  473. — In  the  Ascidisa  (Tunlcata, 
Lamark) ;  in  the  mantle  of  PhaUusia  mamiUaris^  and  Frystulia  aalina 
(Schmidt),  in  all  Tunicata  (PhaUueia  mamiUaris,  B.  irUeatinalis,  P.  mon^ 
achus,  Cynthia  papiUata,  Clavallina  Upodiformis^  Diozoma  violacca^  Pot" 
ryllus  Polycyclas,  Pyrosoma  gigantea^  Scdpa  maxima  [Handb.  viii.  Zoochem. 
473]),not  in  the  lower  animals,  as  Polypes^  Medusce,  and  Mollusca  (Lowig 
&  Kdlliker) ;  in  the  outer  envelope  of  certain  Tunicata  {Cynthia  papil- 
lata).    (Berthelot.) 

Preparation.  The  outer  envelopes  of  the  tunicata  are  treated  suc- 
cessively with  water,  alcohol,  ether,  dilute  acid  and  aqueous  alkali 
(Schmidt^,  or  they  are  boiled  for  some  hours  with  concentrated  hydro- 
chloric acid,  aftei*wards  with  aqueous  potash  of  sp.  gr.  1*28,  then 
washed  with  water  and  dried*    (Berthelot.) 

Properties.  White,  translucent,  very  soft,  with  somewhat  of  a 
pearly  lustre  (Dumas,  &c.),  of  the  external  unaltered  form  of  the  enve- 
lopes. (Liiwig  &  Kolliker.)  Tunicin  prepared  from  PhaUusia  mamilla- 
ris  forms  an  agglomerate  of  large  shapeless  cells.    (Schmidt.) 
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Schmidt. 
PhalluMia         Fnmtului 
fnamiUaris.  ioiina. 


c« 

HSO    

0»    

144 

20 

160 

44-44 

6-17 

49-39 

45-38 

6-47 

48-15 

46-19 

6-63 

47*18 

C«H»0» 

C« 

324 

10000    100-00 

Lowig  &  KoUiker. 

Phallusia            Cynthia 

mamillaris,        papUlata* 

...     43*40     43-20     

...      5-68    6-16    

..     50-92     50-64    

100-00 

Dnmai,  &c 

Phalltma 

mamUlaris. 

...    44-5 

H»    

■•••••••••••••a 

...      6-4 
...    49-1 

C»*H«0» 

•••»•••«••••••• 

...  100-00    

..  10000    

...  100-00 

According  to  Schmidt,  and  Lowig  &  Kblliker,  tunidn  is  cellnlose  or  aUied  to  cella- 
lose ;  according  to  Berthelot,  it  is  isomeric  with  cellulose  and  analogous  to  chitin.  The 
envelopes  treated  with  aqueous  potash  and  then  with  hydrochloric  acid,  still  contain 
iVom  3*2  to  3*8  p.c.  nitrogen^  but  may  be  obtained  free  from  nitrogen  by  treatment 
with  2  p.c.  potash'ley,  next  with  25  p.c.  potash-ley,  and  lastly  with  aqueous  hydro* 
chloric  acid  of  the  strength  of  1  p.c.     (Dumas,  &c.) 

Decompositions.  1.  Tunicin  heated  in  a  glass  tube  is  charred  without 
losing  its  form,  evolving  the  smell  of  burning  vegetable  tissue.  Heated 
in  the  air  it  bums  away  quickly  and  completelj^.  —  2.  Remains  unal- 
tered when  heated  with  water  to  200°.  (Schmidt.)  —  3.  It  is  coloured 
pale  yellow  when  boiled  with  alcoholic  iodine ;  if  then  moistened  with 
oil  of  vitriol,  it  is  coloured  violet. —  The  violet  colour  is  followed  by 
solution  of  the  tissue,  which  at  the  same  time  loses  its  colour,  while  a 
great  number  of  yellow  corpuscles,  previously  enclosed  between  the 
fibres,  become  visible  under  the  microscope.  (Dumas,  &c.) — 4.  Not 
decomposed  by  boiling  for  several  hours  with  dilute  mtric  acid, 
(Schmidt.^  —  5.  Dissolves  without  coloration  in  cold  oU  of  vitriol. 
(Dumas,  &c.)  The  solution  diluted  with  a  large  quantity  of  water 
contains,  after  an  hour's  boiling,  a  substance  whose  nature  has  not 
been  determined,  together  with  sugar,  wherefore  the  solution  neutra- 
lised with  chalk,  filtered  and  concentrated,  reduces  potassio-tartrate  of 
copper,  turns  brown  when  boiled  with  potash,  and  ferments  in  contact 
witli  yeast,  forming  carbonic  acid  and  alcohol.  (Berthelot.)  — 
6.  Tunicin  is  not  affected  by  dry  fluoride  of  boron;  with  moist  fluoride  of 
boron  it  liquefies  and  then  gives  with  water  a  solution  which  contains 
traces  of  sugar.  (Berthelot.)  —  It  remains  unaltered  by  dilute  acidsj 
even  when  boiled  vrith  them  for  weeks,  or  by  boiling  potash-ley. 
(Berthelot.) 

It  dissolves  slowly  in  concentrated  nitric  acid.  (Schmidt.) — Dis- 
solves with  diflSculty  in  aqueous  cuprammonia.  (Schlossberger,  J.  pr. 
Chem.  73,  374.) 

Insoluble  in  toatcTf  alcohol,  glacial  acetic  acid,  or  ether.    (Berthelot.) 
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Glycogen. 

C»H"0"  or  0»*IP««°. 

Cl.  Bebnard.     Compt,  rend,  41,  461. —  Compt.  rend.  44,  578  and  1325  ; 

J.  pr,  Chem,  73,  251 ;   abstr.  Kopp'a  Jahresher.  1857,  552. —  Compt, 

rend.  48,  77,  673  and  884. 
Hensen.     Wurzb.  medic.  Verhandl.  7,  219.  —  Archiv.  fur  patkol.  Anato- 

miey  9,  214 ;  abstr.  Kopp's  Jahresher.  1857,  553. 
Sanson.     Compt.  rend.  44,  1159  and  1323;    abstr.  Kopp^s  Jahresher, 

1857,  553. —  Compt.  rend.  45,  140  and  343. 
ScHiFP.    N.  Zeitchr.  fur  phys.  Heilkunde,  1,  263. —  Compt.  rend.  48,  880. 
EuG.  Pelouze.     Compt.  rend.  44,  1321 ;  J.  pr.  Chem,  73,  249 ;  abstr. 

Kopp's  Jahresher.  1857,  553. 
BoNUET.     Compt.  rend.  45,  139  and  573;  abstr.  Kopp^s  Jahresher.  1857, 

554. 
KjEKVuit.    Heidelh.  naturw.    Verhandl.  1858,  Jan. ;  Chem.  Centr.  1858, 

300 ;  abstr.  Kopp's  Jahresher.  1858,  570. 
PoGGiALE.     N.  J.  Pharm.  34,  99 ;  Kopp's  Jahresher.  1858,  569. 
Pavy.    N.  PhU.  Mag.  J.  17,  142 ;  J.  pr.  Chem.  77,  354 ;  abstr.  Rep. 

Chim.  pure^  1,  236. 
GoRUP  Besanez.    Ann.  Phann.  118,  227. 

'  [The  chemical  nature  of  glycogen  is  treated  of  also  Handbueh,  im,  Zooehem.  74, 
385  and  550.] 

Glykogen^  GlykoffenwManz,  thierisehes  Amyium  s  Malikre  amylae^f  Glycogene; 
Hepatin,  —  Discovered  and  inTestigated  by  Bernard. 

Occwrence.  In  the  liver.  (Bernard.)  In  the  placenta.  (Bernard, 
Compt.  rend.  48,  77  and  673.)  —  In  the  umbilical  membrane  of  birds. 
(Serres,  Compt.  rend.  48,  86.)  In  graminivora,  the  liver  generally 
contains  glycogen,  which  is  only  found  in  the  other  organs,  as  in  the 
muscular  flesh  of  horses,  when  the  animals  have  an  abundance  of  food 
rich  in  starch.  (Poggiale.  —  comp.  Handhuch^  viii.  Zooehem.  385.)  —  In 
rabbits  the  liver  contains  as  much  as  2  p.  c.  of  glycogen.    (Kekul^.) 

Prq)aration.  1.  The  liver  of  the  quite  freshly  killed  animal  is  cut 
into  small  pieces,  immersed  in  boiling  water,  pounded  and  boiled  for 
about  an  hour  with  a  small  quantity  of  water ;  the  liquid  is  then  strained 
off,  the  residue  squeezed  out,  and  the  filtrate  precipitated  with  4  or  6 
measures  of  alcohol  of  38°  to  40°.  The  yellowish  white  flocks  are  freed 
from  sugar  and  soluble  biliary  matter  by  washing  with  a  large  quantity 
of  alcohol ;  and  from  adhering  nitrogenous  substances,  by  boiling  for 
^  an  hour  to  1  hour,  with  concentrated  potash-ley,  whereby  they  are  de- 
composed with  evolution  of  ammonia ;  the  solution  is  then  mixed  with  a 
small  quantity  of  water,  filtered,  and  precipitated  with  4  or  5  measures 
of  alcohol  of  38°  or  40°.  The  precipitate  is  freed  from  potash  by  wash- 
ing with  a  large  quantity  of  alcohol  ;  it  is  then  dissolved  in  a  small 
quantity  of  water,  the  solution  neutrahsed  with  acetic  acid,  and  again 
precipitated  with  alcohol.    Purer  glycogen  is  thus  precipitated,  while 
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acetate  of  potash  remains  in  solution.  (Bernard.)  So  prepared,  it  is 
apt  still  to  contain  lime-salts,  which  may  be  removed  for  the  most  part 
by  repeated  solution  in  strong  acetic  or  cold  dilute  nitric  acid,  and 
precipitation  with  alcohol.  (Kekule. — comp.  Hensen,  Handhuchy  viii. 
Zoockem,  385.) 

2.  The  fresh,  filtered,  and  cooled  decoction  of  the  liver  is  precipi- 
tated with  glacial  acetic  acid,  whereupon  nearly  pure  glycogen  is 
thrown  down,  the  albuminous  substances  remaining  in  solution. 
(Bernard.^ 

3.  If  the  liver  is  washed  out  with  cold  water,  by  inserting  the 
nozzle  of  a  caoutchouc  syringe  into  the  vena  porta  and  driving  a  stream 
of  cold  water  through  the  capillaries  by  careful  pressure,  a  blood-red 
liquid  is  first  obtained,  then  a  bright  rose-coloured  liquid,  then  a  milky 
liquid,  and  at  last  water.  The  rose-coloured  and  milky  liquids  are 
heated  to  boiUng  and  the  filtrate  precipitated  with  2  measures  of  alco- 
hol of  90°  ;  and  the  flocks  are  collected  after  some  hours,  washed  with 
alcohol,  dissolved  in  water  containing  acetic  acid,  and  again  heated  to 
boiling.  The  filtrate  precipitated  a  second  time  with  alcohol,  yields 
flocks  of  glycogen  in  abundance,  which  must  be  freed  from  fat  by 
washing  with  ether  and  dried  in  vacuo.    (Oorup-Bosanez.) 

Properties.  White,  mealy  powder,  which  even  under  the  micro- 
scope shows  no  peculiar  form:  Without  smell.  Tastes  like  starch. 
Neutral.    (Bernard  and  others.) 


CaleuUaion 
aetording  to  Fdooze.    Pelouze. 


12  O  ....  72  ....  40'00  ....  39*8 
12  H  ....  12  ....  6'67  ....  6*1 
12  O   ....    96  ....    53*33  ....    64*1 


Calculation 
according  to  KekuM.     Kekul6.       Gorap- 

Besanez. 
at  100».      at  100^ 

12  C  ....  72  ....  44*44  ....  44*49  ....  44*50 
10  H  ....  10  ....  6*17  ....  6-49  ....  6*38 
10  O   ....     80  ....     49-39  ....     49*02  ....     49*12 


CMHiH)"l80  ....  100*00  ....  1000    CMH^OQW  162  ....  10000  ....  100*00  ....  100*00 


Loses  1  at.  water  at  100 "*.  (Pelouze.)  —  See  Handbuch,  viii,  Zoockem. 
385,  for  Schiff's  and  for  Sanson's  statements  respecting  the  identity  of  glycogen 
with  inulin  and  dextrin.  Lochner  ^Dissert.  Erlangen,  1858),  obtained  numbers  corre- 
sponding to  the  formula  C^H^O^^,  2  HO.  On  account  of  the  discrepancy  between 
the  several  statements,  Gorup-Besanez  thinks  it  possible  that  Yorions  kinds  of  glyco- 
gen may  be  obtained  from  the  liver. 

Decompositions,  1.  AH  reagents  which  transform  starch  into  sugar, 
similarly  change  glycogen,  first  into  a  substance  corresponding  to 
dextrin,  then  into  sugar.  (Bernard.)  The  sugar  so  produced  is  iden- 
tical with  grape-sugar.  (Berthelot  &  de  Luca,  Compt.  rend,  49,  213.) 
This  transformation  is  occasioned  by  dilute  mineral  acids,  diastase,  and 
the  ferments  contained  in  the  blood,  sahva,  liver,  and  pancreas.  (Ber- 
nard.) Boiling  dilute  sulphuric  acid  first  clarifies  the  aqueous  solution, 
tod  only  produces  sugar  after  continued  boiling.  (Kekule.)  —  Neutral 
aqueous  glycogen  is  immediately  converted  into  sugar  by  saUva ;  the 
transformation  takes  place  very  slowly,  or  not  at  all,  in  presence  of 
free  acid,  ciiiwtic  or  carbonated  alkalis.    (Pavy.)    If  the  glycogen- 
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contained  in  a  concenti^ted  decoction  of  liver  or  muBcuIar  fiesh  la 
warmed  with  saliva,  it  ferments  on  the  subsequent  addition  of  yeast. 
(Poggialo.)  Glycogen  which  has  not  undergone  tliis  preliminary 
treatment,  does  not  ferment  on  addition  of  yeast.    (Bernard.) 

2.  By  roasting,  glycogen  is  converted  into  a  substance  similar  to 
dextrin.  (Bernard.)  The  dextrin  formed  thus,  or  according  to  1, 
rotates  the  plane  of  polansation  towards  the  right,  does  not  reduce  an 
alkaline  solution  of  cupric  oxide,  is  not  coloured  blue  by  iodine,  and 
does  not  ferment  with  yeast. '  It  gives  a  clear  solution  with  water,  not 
with  strong  alcohol.    (Bernard.) 

8.  Yields  xyloidin  when  treated  with  concentrated  nitric  acid;  and 
oxalic  acid  when  boiled  with  dilute  nitric  acid.  (Pelouze.)  If  concen- 
trated nitric  acid  is  poured  over  glycogen  dried  at  100°,  solution  takos 
place  after  a  few  moments,  and,  if  water  is  immediately  added,  a 
(quantity  of  xyloidin  is  obtained  amounting  to  130  p.  o.  on  the  glyco- 
gen employed.  If  the  nitric  acid  solution  is  allowe^  to  stand  for  somo 
time,  water  precipitates  a  smaller  quantity  of  xyloidin,  and  after 
several  days  none  at  all.  (Pelouze.)  -—4.  Glycogen  does  not  reduce  an 
alkaline  solution  of  cupric  salts.     (Bernard.) 

Combinations,  Glycogen  forms  an  opalescent  solution  with  water, 
(Bernard,  Kekule.)  —  In  the  absence  of  ferments,  the  solution  under- 
goes no  spontaneous  alteration  on  standing.  (Bernard.^  On  evapo- 
rating the  solution,  the  glycogen  separates  out  in  films.  (Hensen.) 
According  to  Bernard  and  Lehmann,  the  solution  is  precipitated  by 
acetic  acid,  according  to  Lochner  and  Gorup-Besanez,  it  is  not  precipi- 
tated by  acetic  acid,  but  is  rendered  clearer  by  it,  according  to  Gorup. 

Iodine  colom^  it  violet  or  bright  brown-red,  seldom  pure  blue  (Ber- 
nard), violet  or  oftenest  red-brown.     (Kekule.) 

It  is  precipitated  from  solution  in  water  by  laMc  acetate  of  lead 
(Bernard) ;  not  precipitated.    (Hensen.^ 

It  is  quite  insoluble  (Bernard),  sligntly  soluble  (Hensen)  in  alcohol. 
—  Animal  charcoal  precipitates  it  from  solution  in  water.    (Bernard.) 


Dextrin. 

C»*H?<^0>«  or  0"ff  *0". 

Biot&Persoz.     (1833.)    Ann,  Chim.  Phys.  52,  72;   Schw.  66,  169;" 

Pogg,  32,  160 ;  Ann,  Pharm.  6,  209. 
Paten  &  Pebsoz.     Ann,  Chim,  Phys,  58,  73;   Pogg,  32,  182.  —  Ann, 

Chim.  Phys.  56,  337. 
Paten.    J.  Chim,  mid,  9,  504,  549,  and  572.  —  Ann,  Chim,  Phys,  61, 

372  ;  65,  225,  and  234.  — i^.  Ann,  Sc.  nat,  Botan,  10,  85,  and  170. 
GufeiN-VARRT.     Ann,  Chim,  Phys  60,  68. 

Jacquelain.     N,  Ann,  Chm,  Phys,  8,  265  ;  J,  pr,  Chem,  80,  477. 
B^chamf.     Compt,  rend,  51,  256. 

Briiuh  gum ;  Amidine  (Chevreul.)t  Gomme  amidone,  Gomme  destrine  (Payen  2^ 
Pcrsoz),  Dextrme  (Biot),  Leiocomme  ;  St'drieffummi,  Dcxtringummi, — B^champ  dis- 
tinguiflhes  between  dexirme  defScuie  and  dexiritK  de  iignewt. 
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As  early  ai  1811,  Vauquelin  (BuU,  Pharm.  3>  54)  mmtioiied  roasted  starch,  which 
Doberciner  sabseqnently  {8ohw»  S,  207)  regarded  as  gum  ;  Biot  &  Persoz,  aa  Uie  con- 
tents of  the  starch.granulea  (Cherreol's  amidine).  Payen  &  Per802  recogniaed  it  as 
a  product  of  the  transformation  of  the  amidon  contained  in  the  starch-granules.  Accord- 
ing to  Chevreal  (1834)  it  is  identical  with  Couyerchel's  ffomme  normale,  Caventou's 
amidon  modifiS,  Guibourt's  amidon  iolnbU  or  amidine, — It  has  been  examined  chiefly 
by  Payen.  —  It  was  named  deitrin  and  distinguished  from  gum,  by  Biot  &  Persoz,  on 
account  of  possessing  a  rotatory  power  towards  the  right;  but,  according  to  B^amp 
(iV.  Ann,  Ckim,  Phys,  48,  461),  Blot's  original  dextrin  is  not  the  same  aa  the  substance 
to  which  that  name  is  now  given,  but  is  identical  with  B^hamp's  soluble  starch  (p.  102). 
According  to  Sanson  {Handbuch,  viii,  Zoochem,  650),  dextrin  is  identiod  with 
glycogen.  [According  to  Eug.  Pelouze  {Compt,  rend.  44,  1321),  the  substance  re* 
garded  as  dextrin  or  glycogen  by  Sanson  is  an  altered  albuminous  body. — W.] 

Occun-ence.  Probably  in  nearly  all  vegetable  juices,  but  mistaken 
for  giun  (Mulder,  Lehrh.  d.  phys.  Chem.  232),  not  in  cereal  grains* 
(Mitscherlich,  Lehrb.  368.)  In  rye  and  wheat  (Fiirstenberg,  J.  pr, 
Chem,  31, 195) ;  probably  in  Fucus  sacchaiinus  (Witting.  J.  pr.  Chem.  78, 
138) ;  in  Spanish  chestnuts  to  the  extent  of  22*8  to  23*3  p.  c  (Albini, 
Wien,  Acad.  Ber.  1^  502);  in  the  blood  {Handbuch,  viii,  Zoochem.  387 
and  550) ;  in  the  juice  of  flesh  (ibid,  387  and  550) ;  in  the  lungs  and 
spleen,  (ibid,  387.)  —  In  bread,  beer,  and  other  articles  of  food,  as  a 
product  of  the  metamorphosis  of  stardi. 

Formation,  A.  From  starch  (comp.  pp.  81,  84-86,  90,  &c.)  1.  By 
roasting  imtil  the  starch  acquires  a  yellowish  brown  colour  and  evolves 
vapour.  (Dobcreiner ;  BouiUon-Lagrange,  Bull,  Pharm.  3,  895.)  By 
heating  to  200°  or  210°.  (Payen.)  The  presence  of  water  is  unneces- 
sary or  even  disadvantageous,  for  starch  dried  at  150°  yields  scarcely 
anything  but  dextrin  when  heated  for  ^  hour  to  210°  or  214°  in  an 
oil-bath,  whereas  air-dried  starch  forms  soluble  starch  at  the  same 
time.  (Maschke,  J.pr,  Chem.  61,  1.)  —  2.  By  several  days' heating  to 
100°  with  water  (onlv  traces  are  formed  by  using  2,  or  from  30  to  40 
measures  of  water).  (Maschke.)  By  heatine  with  water  to  150° 
(Mitscherlich,  Pogg.  55,  221),  under  increased  pressure  (Jacquelain, 
Ann.  Chim.  Phys.  78,  187). 

3.  By  the  action  of  acids,  as  of  cold  oil  of  vitriol  (Payen),  or  of 
dilute  sulphuric  acid  at  85°.  It  is  formed  mere  quickly  and  at  a  lower 
temperature  by  the  action  of  strong  than  by  that  of  very  dilute  sul- 
phuric acid;  by  continued  boiling  of  the  mixture  it  is  transformed 
mto  glucose.  (Biot  &  Persoz.)  By  dilute  nitric  acid.  (Biot  &  Persoz, 
Payen.)  By  heating  with  |  pt.  tartaric  add  and  5  pts.  water  to  125° 
for  an  hour  in  a  Papin's  digester.    (Tayen,  J.  Pharm.  7,  267.) 

4.  By  digestion  with  aqueous  alkalL    (Payen.) 

6.  Bv  the  action  of  diastase  at  60°  or  75°.  (Payen  &  Persozs, 
Gu^rin-Varry.) 

6.  By  the  action  of  sun-light  on  starch-paste.  (St.  Victor  & 
Corvisart,  Compt.  rend.  49,  368;  Ann,  Pharin,  113,  112.^ 

In  the  modes  of  formation  1  to  3,  the  formation  of  dextrin  is  pre- 
ceded by  that  of  soluble  starch.  Comp.  pp.  82,  84,  and  102.  (Maschke, 
Bechamp.)  Sugar  is  formed  at  the  same  time  as  dextrin  in  processes 
8  to  5.    (MuBculiis.  —  Comp.  pp.  85,  90,  and  91.)  —  According  to  Delfts 
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{Pogg*  109,  648),  dextrin  differs  in  its  properties  according  as  it  is  pre< 
pared  with  malt,  with  dilute  sulphuric  acid,  or  by  roasting. 

Br  From  Cellulose,  By  the  action  of  oil  of  vitriol.  (Braconnot, 
Ann,  Chim.  Phys,  12,  172.  —  The  dexti^ine  de  Ugneux  so  obtained  pos- 
sesses most  of  the  properties  of  dextrine  de  fecule,  but  has  a  different 
rotatory  power,  and  forms  a  dexfrine  niirique  ligneux  which  differs  from 
binitrodextrin.  (Bechamp.)  —  According  to  Mulder,  the  dextrin  of 
vegetable  juices  is  fonned  from  cellulose  or  a  similar  substance  under 
the  influence  of  diastase,  and  is  further  transformed  into  starch  and 
sugar. 

Preparation.  1.  Starch  is  heated  in  a  shallow  vessel  with  a  double 
bottom  (the  intermediate  space  being  filled  with  heated  oil)  to  150 — 
1G0°,  with  continual  stirring,  until  it  begins  to  turn  yellow  and  becomes 
soluble  in  water.  {British  gum^  or  Leiocomme  of  commerce.)  —  In  order  to 
purify  it,  it  is  repeatedly  washed  with  cold  and  hot  alcohol  of  sp.  gr. 
0*843 ;  dissolved  in  water  at  90®,  and  precipitated  with  alcohol ;  the 
precipitate  again  dissolved  in  hot  water,  and  the  filtered  solution  eva- 
porated to  dryness.  (Payen.)  —  2.  One  part  of  starch  is  acted  upon 
with  \  pt.  ofl  of  vitriol  and  2*8  pts.  water.  The  acid  is  mixed  with 
part  of  the  water  and  the  starch  stirred  up  with  the  rest ;  the  diluted 
acid  is  gradually  poured  upon  the  starch,  and  the  mixture  is  kept  for 
some  time  at  90°.  The  dextrin  is  precipitated  by  alcohol  from  the 
clarified  solution.  (Biot  &  Persoz.)  —  Dextrin  so  prepared  cannot  be 
purified  from  sugar  which  is  fonned  at  the  same  time  and  adheres  to 
it,  except  by  dissolving  it  at  least  ten  times  in  water  and  precipitating 
the  solution  with  alcohol,  which  should  not  be  employed  in  excess. 
(Payen.)  —  The  solution  obtained  by  boiling  starch  with  acid  contains, 
immediately  after  it  has  become  clear,  but  little  dextrin,  but  a  large 
quantity  of  soluble  starch.  (Maschke,  J,pr.  Chetn.  61,  1.)  —  Hofmann 
(DingL  149,  320;  Chem.  Centr.  1859,  509;  N.  Br.  Arch.  98,  110), 
exposes  corn  with  1*5  pt.  water  and  0*01  to  0'02  pt.  oil  of  vitriol  to 
high-pressure  steam  at  107° — 149°,  for  2  or  3  hours,  in  an  air-tight 
mash-tun,  pours  off  the  liquid,  saturates  it  with  chalk,  and,  after 
allowing  the  precipitate  to  settle,  decants  and  evaporates  to  dryness. 
— 3.  Starch  is  moisteaed  with  0*002  pt.  nitric  acid  and  the  requisite 
quantity  of  water,  formed  into  cakes  which  are  broken  up  after  being 
allowed  to  dry  in  the  air,  spread  out  in  shallow  layers  in  a  chamber  sup- 
plied with  hot  air,  gradually  heated  to  80°,  and  at  last  dried  at  110". 
(Payen.) — 4.  Starch  is  digested  for  12  hours  at  50° — 60®  with  5  p.  c. 
potash-  or  soda-ley ;  the  (near  solution  is  neutralised  with  acetic  acid, 
and  precipitated  with  alcohol.    Purification  as  in  2.    (Payen.) 

5.  Five  parts  of  sprouted  barley-malt  with  400  pts.  water  at 
25° — 30°  are  slowly  heated  to  60°,  100  pts.  starch  are  added,  ancl  the 
mixture  is  kept  at  65° — 75°  for  about  ^  an  hour,  or  until  the  liquid, 
which  is  at  first  milky,  has  become  dear  and  perfectly  fluid,  it  being  kept 
stirred  all  the  time  ;  the  temperature  is  then  quickly  raised  to  95°  or 
100°,  to  destroy  the  activity  of  the  diastase ;  the  solution  is  filtered 
when  cold  and  already  clarified  by  subsidence ;  and  the  filtrate  evapo- 
rated at  110°,  the  scum  which  forms  on  the  surface  being  skimmed  off, 
to  a  syrup  which  solidifies  to  a  jelly  on  cooling,  and  is  then  divided 
into  thin  layers  and  dried  in  a  current  of  air  in  a  drying  oven.  The 
product  is  purified  by  precipitating  the  concentrated  aqueous  solution 
with  alcohol,  treating  the  precipitate,  which  consists  of  dextrin  with  a 
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small  quantity  of  Btaroh,  with  water,  whioh  dissotves  the  dextrin^ 
and  again  precipitating  with  alcohol.  (Payen  &  Persoz.)  —  Sprouted 
barley-malt  may  also  be  mixed  with  7  pts.  water  and  gradually  heated 
in  the  water-bath  to  65^  with  constant  stirring ;  then  to  75®  for  26 
minutes ;  -X  pt.  animal  charcoal  added ;  the  liquid  filtered,  wanned  in 
the  water-bath  to  60^  and  starch  addecl  to  it  as  above.  The  dextrin 
thus  obtained  is  very  white. 

In  order  to  obtain  dextrin-syrup,  twice  the  quantity  of  malt  indi- 
cated above  must  be  used,  and  the  mixture  must  be  digested  between 
65°  and  75°  for  a  longer  time,  until  it  is  no  longer  coloured  blue  by 
iodine.  (Payen.)  The  dextrin-svrup  so  obtained  is  precipitated  with 
alcohol  of  95  p.  c,  and  filtered  j  the  residue  is  dissolved  in  8  pts.  water 
at  75° ;  the  solution  is  shaken  with  animal  charcoal  for  a  quarter  of  an 
hour,  and  filtered;  andthefiltrate  is  evaporated  in  vacuo.  (Guerin-Varry.) 
■—  Starch  is  digested  at  70° — 75°  with  0*02  pt.  diastase  and  5  pts.  water, 
until  the  liquid  is  no  longer  coloured  blue  by  iodine ;  it  is  then  filtered, 
and  evaporated ;  the  residue  freed  from  sugar  by  exhaustion  with 
adoohol  of  85  p.  c,  then  dissolved  in  spirit  of  80---d5  p.  c. ;  and  the 
solution  filtered  from  the  undissolved  starch  is  evaporated.  (Payen 
Sc  Persoz.) 

Properties.  Solid,  brittle,  colourless  or  slightly  coloured,  transparent , 
gummy  mass,  reducible  by  trituration  to  a  white  powder  which  grates 
between  the  fingers,  (Payen.  J.  Chim.  med,  21,  427),  sp.  gr.  1*52, 
(Payen.)  —  Tasteless  (Payen,  Guerin-Varry),  hag  a  iweetish  gummy  taste, 
(Bouillon-Lagraugc)  j  inodorous,  permanent  in  dry  air,  and  at  100®  (Gue- 
rin-Varry).—  Specific  rotatory  power  [a]  =  138-7°  to  the  right,  =  176° 
(Bechamp).  Rototory  power  of  Dextrine  de  Ligneux  [a]  -i  88;9*'  to  the  left 
(Becbamp.)  —  Neutral. 
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a.  dried  at  80"* ;  the  other  products  at  100*  in  vacuo  (Payen.) 
a.  and  b.  prepared  by  (1) }  o.  from  commercial  dextrin  and  purified  as  in  (1) ;  d, 
prepared  from  itaroh  with  oold  oU  of  vitriol }  e.  by  (4). 

DecomposUiom.  1.  Dextrin  heated  to  120° — ISO"*  becomes  pale 
yellow,  gives  off  water,  and  acquires  the  smell  of  toasted  bread ;  after 
half-an-hour's  heating  to  145" — 150°,  it  assumes  a  deeper  yellow 
colour;  after  an  hour's  heating  to  195° — 200°,  it  becomes  reddish 
without  melting  or  losing  its  transparency ;  at  225°,  it  begins  to  melt, 
and  at  235°9  it  awella  up  strongly,  turns  yellowish  brown,  and  yields 
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acetic  acid^  carbonic  acid,  carboretted  hydrogen  and  other  ptodncts. 
(Guerin- Varry).—  When  thrown  on  red-hot  coals,  it  burns  Bke  gum 
(Bouillon-Lagrange). —  2.  Treated  with  nitric  acid,  it  yielde  oxalic  acid 
(Bouillon-Lagrange,  Fiirstenberg),  no  mucic  acid  (Guerin- Varry), 
probably  also  saccharic  acid  (Gerhardt,  Traite  2,  493). — 3.  With  nitro- 
sulphuric  acid,  it  forms  binitrodextrin  (Bechamp). — 4.  With  oil  of 
vitriol,  it  blackens  and  gives  off  acetic  acid  (Bouillon-Lagrange) ;  boiled 
with  4  pts.  water  and  0*01  oil  of  vitriol,  it  forms  glucose  (Payen  & 
Fersoz). —  It  is  converted  into  sugar  bv  boiling  with  any  dilute  acid 
(Biot  &  Persoz.) —  5.  It  is  not  altered  by  hydrochloric  acid. —  6.  Heated 
to  100*^  for  60  or  60  hours  with  glacud  acetic  or  hutyric  acid,  it  gives 
off  water,  and  forms  a  small  quantity  of  a  compoimd  analogous  to  oi? 
identical  with  aceto-  or  butyro-glucose  (Berthelot,  N,  Ann.  Chim. 
Phys.  60,  98). —  7,  Heated  with  aqueous  bicarbonate  of  potash  and 
iodine,  it  yields  iodoform  (Millon,  CompU  rend,  21,  828 ;  J.  pi\  Chein, 
37,  55). —  8.  It  is  not  altered  by  aqueous  permanganate  of  potash  (E. 
Monier,  Compt.  rend.  46,  425  ;  J.  pr.  Chem.  73,  479).  —  9.  Heated  to 
150°  in  a  sealed  tube  with  strong  cavMic  ammonia^  it  behaves  like 
starch  (p.  87),  but  the  substance  thus  obtained  by  continuing  treat- 
ment for  7  days,  contains  11  p.c.  nitrogen  (Schutzenberger,  Zeitschr.  Ch, 
Pharm.  4,  66). — 10.  It  coloura  a  cupi^c  solution  containing  caustic  potash 
blue,  but  does  not  throw  down  cuprous  oxide  from  it  till  heated  to  85°, 
and  even  then  but  slowly  (Trommer,  Ann.  Pharm.  39,  360 ;  Delffs) ;  not 
even  when  heated  (Fiirstenberg, /.  p*.  Chem.  31,  195). — 11.  Heated 
with  cinchona  bases,  it  gives  off  red  vapours  which  condense  to  a  red 
liquid  (Batka,  Chem.  Centr.  1859.  865). — 12.  It  does  not  ferment  with 
Water  and  yeast  (Biot  &  Persoz,  Guerin- Varry,  Payen) ;  in  contact  with 
water  and  calfs  rennet,  at  40°,  it  is  converted  into  milk-sugar  or  a 
modification  thereof  (Fremy,  /.  Pharm.  25,  299).  By  water  and  dias- 
tase  at  60° — 70°,  it  is  gradually  converted  into  sugar  (Payen  &  Persoz),^ 
but  only  partially  (Guerin-Varry).     See  the  sUtements  of  Mu8culus»  (p.  91). 

r 

Combinations.  With  Water.  Dextrin  exposed  to  moist  air  absorbs 
4  at.  water)  of  which  it  gives  off  2  at,  in  vacuo  at  15  °>  and  the  rest 
between  100°  and  140°.    (Payen.) 

It  deliquesces  to  a  syrup  in  air  saturated  with  moisture,  and  dis- 
solves readily  in  water,  (Biot  &  Peraoz.)  The  solution  is  clear  and 
gummy  (Bouillon),  glutinous  (Biot  &  Persoz),  and  is  precipitated  by 
water  (Guerin- Varrry).     For  the  rotatory  power  yld.  sup. 

Aqueous  dextrin  does  not  suffer  any  alteration  of  rotatory  power 
by  keeping  (Biot  &  Persoz),  but  loses  it  to  a  certain  extent  when 
heated  (Dubrunfaut,  Compt,  rend^  23y  43). —  When  kept,  even  out  of 
contact  with  the  air,  it  deposits  pulverulent  modified  dextrin  (Biot  & 
Persoz)  ;  when  frozen  it  deposits  a  powder  which  rodissolves  on  thaw- 
ing (Jacquelain,  Atm.  Chim.  Phys.  73,  187).  Aqueous  dextrin  is  not 
coloured  by  aqueous  solution  of  iodine  (Payen,  Guerin-Varry) ;  it  i» 
coloured  wine-red  (Biot  &  Persoz) ;  purple-red  if  the  dextrin  has  been 
prepared  by  heating  1  pt.  of  starch  with  5  pts.  water  in  a  Papin's 
digester,  for  ^  to  |  of  an  hour, —  not  at  all  £f  prepared  by  heating  in 

hke  manner  for  3  hours.  Alio  by  treating  itarch  with  oxalie  add  and  water  to 
130°  for  an  honr,  nentralUing  the  solatiou  with  chalk,  and  repeatedly  precipitating  the 
dextrin  from  its  eolntion  by  alcohol,  a  dextrin  is  obtained  which  is  coloured  purple-red 
by  iodine-water,  whereas  the  dextrin  obtained  by  heating  in  like  manner  for  2  hours  is 
not  coloured  by  iodine- water.  (Jacquelain,  ilim.  Chim.Phyt^  73, 187  ;  see  also  DelfTs. 
Po^f.  109, 648.)  ^ 
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air-bath  to  220°  —  230°,  to  complete  the  roasting.  The  spongy  pro- 
duct thus  obtained  is  purified,  especially  from  adhering  aextrin,  by 
repeatedly  dissohdng  it  in  water  and  precipitating  the  solution  with 
alcohol,  as  long  as  dark  flakes  continue  to  separate— or,  in  presence 
of  a  large  quantity  of  dextrin,  by  precipitating  the  aqueous  solution 
with  excess  of  baryta- water  containing  alcohol,  washing  the  resulting 
precipitate  with  weak  spirit,  pouring  upon  it  a  quantity  of  sulphuric 
acid  sufficient  to  decompose  it,  filtering  the  liquid  to  remove  sulphate 
of  baryta,  and  precipitating  the  filtrate  with  alcohol.  The  pyrodextrin, 
which  separates  in  the  form  of  syrup,  is  dissolved  in  a  small  quantity 
of  water,  the  filtrate  evaporated  over  the  water-bath,  and  the  residue 
dried  at  140°. 

Properties.    Solid,  brown,  friable  mass,  sliining  and  tough  when 
moist.    Inodorous  and  tasteless. 


96  C. 

74  H 

74  O 


676  . 

74  . 

592  . 

46-S7  ... 

......   5*95  ... 

47-68  ... 

at  160* 

45-71 

6-20 

48-09 

242  . 

100-00  ... 

10000 

C»W*07<    1242 

According  to  Qflis,  it  ia  C«H»70W  -  4C»2H«0»  +  HO. 

Decompositions.  1.  Remains  unaltered  at  210* -^220®,  but  decom- 
poses at  a  higher  temperature ;  takes  fire  with  difficulty,  and  leaves  a 
hard,  coherent,  slowly-burning  cinder.  —  2.  Treated  with  nitric  acid,  it 
yields  oxalic  acid.  — 3.  By  oil  of  vitriol  or  strong  hydrochloric  add,  it  is 
converted  into  a  sparingly  soluble  brown  powder ;  dilute  sulphuric  or 
hydrochloric  acid  alters  it  but  very  slowly,  even  when  heated.  —  4.  It 
reduces  cuprous  oxide  from  an  alkaline  solution  of  cupric  oxide^  and  from 
solutions  of  yold-  and  «e7t;er-salte,  it  reduces  the  metals. 

Combinations.  Pyrodextrin  when  exposed  to  the  air  takes  up  3  at. 
water,  and  afterwards  dissolvaa  readily  in  water  forming  a  brown 
adhesive  gum. 

Aqueous  pyrodextrin  is  not  coloured  purple-red  by  iodine  (like  dex- 
trin), but  is  decolorised  by  moist  hydrate  of  alumina. 

Barium-compound.  —  Obtained  by  precipitating  aqueous  pyrodextrin 
with  baryta- water,  washing  the  precipitate  with  weak  alcohol,  and 
drying  it  in  a  space  free  from  carbonic  acid.  Sparingly  soluble  in 
water,  soluble  in  glacial  acetic  acid. 


96  C 576 

72  H  72 

72  O   676 

4  BaO 306-4 


G4Iif. 

37-64 

M„  36-92 

4-70 

4-90 

37-64 

..«*  37 '98 

20*02 

....  2020 

C*H"Ba*07» 1530-4     ....  10000  10000 

Lead<ompoundi.    Pyrodextrin  forms  several  compounds  with  oxide 
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of  lead.  The  neutral  compound  is  obtained  by  mixing  aqueous  solu- 
tions of  pyrodextrin  and  neutral  acetate  of  lead,  end  precipitating  the 
mixture  with  absolute  alcohol,  or  better,  by  precipitating  a  concen- 
trated aqueous  solution  of  pyrodextrin  with  excess  of  neutral  acetate  of 
lead  dissolved  in  alcohol ;  dissolving  the  black  semifluid  precipitate 
several  times  in  water  and  precipitating  with  alcohol;  and  lastly^ 
evaporating  the  aqueous  solution  of  the  salt  bo  purified,  first  on  a 
water-bath,  then  in  a  drying-oven. 

Very  soluble  in  water,  easily  precipitated  therefrom  by  alcohol. 
Not  affected  by  the  carbonic  acid  of  the  air. 

96  C 6760  ....  39-81  ....  39-09 

72  H 720  ....  4-97  ....  5-21 

72  0 5760  ....  39-81  ....  40-50 

2PbO ^  223-4  ....  15-41  ....  15-20 

C«H?«Pl)»07<  1447-4    ....  100-00    ....  100-00 

Pyrodexti-in  is  sparingly  soluble  in  alcohol  of  22  p.  c. ;  insoluble  in 
absolute  alcohol  and  in  eth^,    (Gelis.) 


Carbo-hydrates  C*»IF*0". 

The  extensive  group  of  amorphous  vegetable  substances,  formerly 
designated  by  the  common  name  of  gum^  which  form  with  water  a 
viscid  and  glutu[U>us  solution,  and  are  precipitated  or  coagulated  by 
alcohol,  has  been  separated  by  Fourcroy,  Thomson,  Gu^rin-varry,  and 
others,  into  several  smaller  groups,  each  of  which  however  includes  a 
number  of  bodies  differing  from  one  another  in  origin  or  ii\  mode  of 
formation.  In  the  majority  of  cases,  the  existing  observations  are  not 
suflBcient  to  enable  us  to  decide  with  certainty  on  the  identity  or 
difference  of  the  individual  members  of  these  groups,  especially  as  the 
great  mass  of  observations  have  hitherto  been  made  on  the  giuns  as 
they  occur  in  nature  (mixtures  of  several  distinct  gums  or  containing 
inorganic  impurities).  On  the  authority  of  the  researches  of  Neubauer, 
Fremy,  and  others,  the  following  substances  are  here  treated  as 
definite  chemical  compounds:  1.  Arabic  acid,  with  reference  to  the 
researches  on  gum-arabic.  —  2.  Metagummic  add,  including  cherry 
tree  gum.  (Gu^rin-Varry's  Cerasin.)  —  3.  Bassorin.  —  4,  Vegetable 
mucus,  regarded  by  most  authors  as  identical  with  bassorin,  but  differ- 
ing therefrom  in  its  mode  of  occurrence  in  a  manner  which  renders  it 
probable  that  the  two  are  chemically  different. 

Fourcroy  distinguished  Gum-arabic,  Oomme  du  pays,  and  Gum-tra'- 
gacanth  without  however  precisely  characterising  these  divisions. — 
Thomson  (in  his  "  System  of  Chemistry,"  4,  21),  made  four  divisions : 
1.  Gum,  in  which  term  he  included  gum^-arabic,  gum-senegal,  and  the 
gum  of  Stertulia  urens,  precipitable  by  solution  of  silica.  —  2.  Mucilage, 
including  that  from  linseed,  quinces,  and  marsh-mallow  roots,  not  pre- 
cipitable by  solution  of  silica  (Gu^rin-Varry).  —  3.  Ctfrown,  including 
the  gums  indigenous  in  Europe*  —  4.  Gum-tragacanih.  —  Vaiiqnelin 
made  a  special  division  for  Bassmin,  on  account  of  its  insolubility  in 
water.  —  Dextrin  and  other  products  resulting  from  the  decomposition 
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of  starch  and  woody-fibre,  were  formerly  classed  among  the  gums,  till 
Biot  distinguished  dextrin  therefrom,  on  account  of  its  action  on 
polarised  light. 

Gu^rin-Varry  regards  as  characteristic  of  gum,  the  capability  of 
forming  mucicacid  with  nitric  acid.  His  classification  distinguishes: 
1.  Arabin,  soluble  in  water. — .2.  Bassoritij  insoluble  in  water. — 
3.  Cerasin,  likewise  insoluble  in  water,  but  converted  into  arabin  by 
boiling  with  water.  Guibourt  distinguishes  several  subdivisions. 
BerzeUus  {Lehrhuck,  3  Aufl.  6,  396)  distinguished  two  classes  of  gums : 
1.  True  gum,  soluble  in  water,  either  cold  or  boiling,  to  a  thick,  glutin- 
ous liquid,  insoluble  in  alcohol,  precipitable  by  basic  lead-salts,  but 
not  by  tincture  of  galls,  mostly  converted  by  nitric  acid  into  mucic  acid. 
—  2.  Vegetable  mucus,  perfectly  insoluble  in  cold,  soluble  for  the  most 
part  in  boiling  water,  in  which  it  swells  up  to  a  thick  mucilage,  not  pre- 
cipitable by  solution  of  borax  or  tinctur^  of  galls. 

Gum-arabic  was  shown  by  Ncubauer  to  consist  of  the  potash-  and 
lime-salts  of  a  peculiar  substance,  arabin  (arabic  acid,  according  to  Hek- 
meljer),  either  of  acid  nature  or  related  to  the  acids.  Arabin  is  C"H"0" 
or  C**BP*0'',  and  is  capable  of  forming  with  lime  a  compound  identical 
with  gum-arabic.  Neubauer  observed  that  arabin  after  drying  merely 
swells  up  in  water  without  dissolving,  but  that  its  solubility  is  restored 
by  addition  of  bases.  Gum-arabic  undergoes  a  similar  alteration  %hen 
its  highly  concentrated  aqueous  solution  is  poured  upon  the  siu*face  of  oil 
of  vitriol,  or  when  it  is  roasted  with  oxalic  acid  (Fremy),  or  heated  for 
some  time  to  150**  (Gelis),  being  converted,  by  the  former  treatment, 
into  Fremy's  metagummic  acid ;  by  the  latter  into  Fremy's  metagum- 
mate  of  lime,  Gelis*s  artificial  cerasin.  The  portion  of  cherry  tree  gum 
(Guerin-Varry's  cerasin),  which  is  insoluble  in  water,  is,  according  to 
Fremy  and  Gelis,  metagummate  of  Ume,  and,  like  that  substance,  con- 
vertible into  gummate  of  lime.  The  portions  of  Bassora  gum,  insolu- 
ble in  water,  yield,  under  the  influence  of  alkalis,  a  product  different 
from  gummate  of  lime,  but  likewise  soluble  in  water.    (Fremy.) 


Arabic  Acid  and  Gum-arabic. 

Ci«]jiiOii  or  C"H«0« 

Cbdikshank.    Scher.  J.  3,  289. 

BosTOCK.    JV^.  OehL  8,  573, 

Vauquelin.    Ann.  Chim.  6,  178;  54,  312;    80,  315.  —  Bull.  Phaiin, 

3,  49. 
Pfapf.    System  d.  Mat.  med.  1,  102. 
Berzeuus.    Ann.  Chim.  95,  77. 
Trommsdorfp.    N.  Tr.  22,  2,  254. 
Gu^rin-Varry.     Ann.  Chim.  Phys.  49,  248 ;  Schw.  65,  220 ;  iV^.  Tr.  26, 

2,  155;  abstr.  Po^^r.  29,  50;  Berz.  Jahresh.  13,  276.  —  A?in  Chim. 

Phys.  51,  222. 
BiOT  &  Persoz.    Ann.  Chim.  Phys.  52,  85;    Pogg.  32,  160;  Schc,  68, 

163  ;  abstr.  Ann.  Pharm.  6,  210. 
GuiBODRT.    J.  chim.  med.  8,  419  ;  Ann.  Pharm.  9,  221. 
Mulder.    BuU.  de  Neerlande^  1838,  167 ;  abstr.  J.  pr.  Chem.  16,  244. 
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Herbebger.    lUpert.  47,  19 ;  Phann.  Cmtr,  1834,  193. 

Lassaigne.     J,  chim.  med.  18,  416  and  821 ;  abstr.  Berz,  Jahresb,  23, 381. 

BucHNER.     Ann.  Fharm.  45,  89. 

Schmidt.     Ann.  Fharm.  51,  29. 

Neubaueb.     J-pr.  Chem.  Q2^  193;  abstr.  Fharm.  Centr.  1854,  637. — 

Ann.  Fhamu  102,  105;  abstr.  J.  pr.   Chem.  71,  255;  Chem.  Centr. 

1857,  590. 
LuDwiQ.     N.  Br.  Arch.  82,  33,  and  153 ;  abstr.  Chem.  Centr.  1855,  376. 
A.  G]i^Lis.     Compt.  rend.  44,  144;  N.  J.  Fharm >  31,  216  ;   J.  pr.  Chem. 

71,  378;  abstr.  N.  Br.  Arch.  96,  192. 
IIekmeljer.     Scheik.   Verhandl.  en  Onderzoek,  2,  2,  167 ;  abstr.  Kopp^s 

Jahresber.^lSbS,  482. 
E.  Fbemy.     Compt.  rend.  50,  124 ;  N.  J.  Fharm.  37,  81 ;  abstr.  Chem. 

Centr.  1860,  607. 

Vegetahle  gum.    Pflansengummi,     Gommey   Muqueux.     Gummic   acid  (Fremy). 
Ardbin  (Neubaucr;. 

Sources, — In  the  vegetable  and  animal  kingdoms,  in  the  former 
imivoreally  diffused,  as  contents  of  the  cells,  or  as  secretion  in  the 
gum-ducts,  from  which,  as  they  burst,  the  gum  exudes  and  slowly  dries 
and  hardens  on  the  bark.  It  forms  the  gum-arabic  or  gum-senegal 
of  commerce,  which  exudes  from  various  species  of  acacia  growing  in 
Arabia,  Egypt,  and  other  countries. 

The  following  plants  contain  gum  which,  however,  is  only  partially 
identical  with  gum-arabic.  The  roots  of  Anacyclus  Fi/rethrum 
(Pht/tochem,  66);*  Bryonia  alba  (Schwerdfeger,  Jahrb.  p\  Fharm.  7,  287) ; 
Cephalis  Ipecactumha  {y^\^\^^  Wien,  Akad.  Ber.  5,  190);  JRumex  acutus 
(Blcy,  N.  Tr.  25,  2,  68) ;  Typha  angitstifolia,  especially  in  spring 
(Lecocq,  J.  Fharm.  14,  221)  ;  Valeriana  officinalis  (Trommsdorff,  N.  Tr. 
18,  1,  3);  the  bulbs  of  Colchicum  autumnale  (Pelletier  &  Caventou, 
Ann.  Chim.  Fhys.  14,  69).  The  root-stocks  of  A^lenium  filixfasmina 
(Bock,^".  Br.  Arch.  65,  257) ;  Folypodium  vulgare  (Desfosses,  J.  Fharm. 
14,  246);  Veratrum  album  (Pelletier  &  Caventou,  Ann.  Chim.  Fhys.  14, 
69). — In  the  herb  of  Calluna  vulgaris  (Bley,  Repert.  15,  329);  the 
bark  of  various  species  of  Cinchona  (Reichardt,  Reichel,  Fhytochem.  50) ; 
in  Cinchona  nova  (Pelletier  &  Caventou,  Winckler;  Hlasiwetz,  Ann. 
Fhai^m.  79,  142) ;  Croton  Elatefia  (Duval,  Fhytochem,  23) ;  Salix  alba 
(Pelletier  &  Caventou,  J.  Fharm.  7,  123  ;  Bepert.  12,  213) ;  Samhucus 
nigra  (Kramer,  N.  Br.  Arch.  43,  20) ;  Swietenia  febrifuga  (Overbeck, 
N.  Br.  Arch.  68,  27i). — The  leaves  of  Ampelopsis  hederacea  (Wittstein, 
Bepert.  46,  317);  Calendula  officinalis  (Geiger,  Diss,  de  Calend.  off. 
Heidelberg,  1818);  Tcmw  baccata  (Peretti,  J.  Fharm.  14,  637).  The 
'leaf -buds  of  Fopulus  nigra  (Pellerin,  J.  Fharm.  8,  425;  N.  Tr.  7,  1, 
390). — The  flowers  of  Calendula  officinalis  (Geiger,  loc.  cit.)\  Tiliat 
(Marggraf,  Ffaff  Mat.  med.  4,  92) ;  Trapceolum  majus  (Miiller,  Ann. 
Fharm.  25,  207) ;  the  honey-dew  of  TUia  parvifoUa,  in  smaller  quan- 
tity that  of  T.  grandijlora  (Riegel,  Jahrb.  pr.  Fharm.  14,  155);  Crocus 
(saffron)  (Aschoff,  Bei±  Jahrb.  1818,  142). —  The  fruit  of  Areca 
Catechu  (Morin,  /.  Fhann.  81,  449) ;  Musa  paradisiaca  (Boussingault, 
Fhytochem.  84) ;  Anassia  sativa   (Adet,  Scher.  J.  1,  663) ;    Fyrus  malus 


*  This  and  the  corresponding  .references  in  tbe  following  pages,  are  to  Rochleder's 
"  Pliytochemie  **  in  the  German  edition  of  Gmelin**  Handbuchf  vol.  fiii. 
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(Berard,  Pht/tochem.  17) ;  Rttbus  fruticosiis  (Lupp,  Ann,  Pharm,  101,  219) ; 
the  unripe  fruit  of  Citinis  Auranimm  (Lebreton,  J,  Pharm,  14,  377) ; 
the  ripe  berries  of  Landcera  Xyhsteum  (Enz,  Pharm,  Viertelj.  5,  196) ; 
Juniperus  communis  (Witting,  N.  Br.  Arch.  91,  296);  Vitis  vini- 
fera  (Proust,  N.  Oehl.  2,  93;  Berard).— The  seed  of  Amomum  Grana 
ParacUsi  (Sandrock,  N.  Br.  Arch.  73,  18) ;  Proton  Tiglium  (Pelletier  & 
Caventou,  Phytochem.  23);  Hura  crq)itan8  (Bonastrc,  J,  Pharm.  10, 
479) ;  IgnaJtia  amara  (Pelletier  &  Caventou,  Ann.  Chim.  Phys.  10,  147) 
Btcinus  communis  (Geiger,  -AT.  Tr.  2,  2,  173) ;  Pipa^  nigrum  (Pelletier, 
Ann.  Chim.  Phys.  16,  337);  rice  (Braconnot,  Ann.  Chim.  Phys.  4,  76); 
the  sepd  of  Schoenocaulon  officinale  (Pelletier  &  Caventou,  Ann.  Chim. 
Phys.  14,  69) ;  maize  (Stepf,  J.  pr.  Chem.  76,  88). 

Oum  forms  part  of  the  exuded  and  hardened  juice  of  the  stems 
of  acacia,  apricot,  cherry,  almond,  peach,  and  plum  trees,  of  the  juice 
of  the  lime  tree  (Riegel) ;  of  the  juice  of  mangold- wurzel  (Kircher, 
Ann.  Pharm.  31,  337);  of  the  juice  of  Rosa  ruhrvfolia  (Addams,  Phyto- 
chem. 16) ;  of  the  milky  juice  of  Ficus  elastica  (Nees  v.  Esenbeck  & 
Marquart,  Ann.  Pharm.  14,  42)  ;  Galactodehdron  utile  (Solly,  Phytochem. 
75);  Platanus  occidentalis  (John,  Chem.  Schrift.  4,  7);  Lactuca  virosa 
(Pfaff  &  Link,  Mat.  med.  6,  501) ;  hence  it  is  also  found  in  swollen  and 
hardened  milky  juice,  the  gum-resins  of  commerce,  together  with  resin, 
as  in  lactucarium  (Walz,  Ann.  Pharm.  32,  85),  asafoetida  (Hlasiwetz, 
Ann.  Pharm.  71,  23),  myrrh,  incense,  sandarach,  &c.  Olibanum,  also 
a  gum-resin,  contains  a  gum  agreeing  in  properties  with  arabin. 
(Hekmeljer).— It  occurs  in  gall-nuts  (Guibourt,  Ann.  Pharm.  48,  359) ; 
in  the  manna  of  Eucalyptus  dumosa  (Anderson,  N.  Ed.  Phil.  J.  47,  132 ; 
J,  pr.  Chem.  47,  449) ;  in  trehala.   (Guibourt,  Compt.  rend.  46,  1213). 

Ulceolana  esculenta  (Kirchhoff,  Phytochem.  95),  Lecanora  Parella 
(Schunck,  Ann.  Pharm.  54,  257),  and  ParmeUa  parietina  (Hcrberger, 
Bepert.  47,  179)  contain  gum. 

Snumeration  qf  Gunu,  tohote  preparation  and  behaviour  with  various  re'aaents  are 
deecribed  in  the  following  placet :  1.  Gum-acajoUt  the  dried  juice  of  Anieardium 
oeeidentale  (TrommsdorfT,  N.  TV.  22,  2,  254;  Ludwig,  N.  Br.  Arch.  82,  33). 
-—2.  Gum  Ammoniacnm  (Braoonnoty  Ann.  Chim.  68,  73).  —  3.  From  Valerian 
stalks  (Bracoonot,  Ann.  Chim.  70,  288).  —4.  Gum-bdellium  (Pelletier,  Schw. 
5,  248).  —  5.  From  the  seeds  of  the  Baobab  tree,  Adaneonia  digitata  (Vauquelin, 
Schw.  35,  45). —6.  From  Catechu  {Pfaff  Syst.  d.  Mat.  med.  2,  189). —7.  Gum- 
embavi  (Ludwig,  N.  Br.  Arch.  82,  33;  Gruner,  Pharm.  Centr.  1851,  352). — 
8.  From  Gentian  roots,  Gentiana  lutea  (Braconnot,  /.  Phyt.  84,  346).  —  9.  From 
GeofTroya  bark  (Httttenschmid,  Phytochem^  8). — 10.  From  Stag's  morel  (Biltz,  A^.  TV. 
11,  2,  3).  — 11.  From  the  bulb  and  leaves  oFthe  hyacinth  (Bostock,  N.  Gehl.  8,  573  ; 
Leroux,  Scher.  J.  7*  212;  John,  Chem.  Schrift,  6,  14).  — 12.  From  Maize  (Stepf, 
J.  pr.  Chem.  76,  92).  — 13.  From  Misletoe-berries  (Henry,  Phytochem.  47).  — 14. 
From  Myrrh  (Pelleder,  Schw.  5,  254  ;  Bracounot,  Ann.  Chim.  6S,  55 ;  Hekmeljer 
Seheik.  Verhandl.  22,  167).  — 15.  Gum-opoponax  ^^ Pelletier,  Schw.  5,  259). — 
16.  Persian  gum  (Martius,  Ann.  Pharm.  21,  63).  — 17.  From  Spanish  pepper 
(Braoonnot). — 18.  From  Rosewood  (Guibourt,  Ann.  Pharm.  9,  227).  — 19.  From 
Saponaria-root  (Schrader,  Schw.  9,  139;  Braconnot,  J.  Phys.  84,  289). — 20.  From 
Senna-leaves  (Braoonnot,  /.  Phye.  84,  281V — 21.  From  the  tubers  of  Sun-flowers 
Phytochem.  67).  —  22.  From  Tea-leaves  (Mulder,  Pogg.  43,  638).  —  23.  From 
Centaury  (Schrader,  Schw.  9,  143).  —  24.  From  Juniper-berries  (TrommsdorfT, 
Phytochem.  79).  — 24.  From  Frankincense  (Braconnot,  Ann.  Chim.  68,'63  ;  Hekmeljer, 
ScheiJt.  Verhandl.  2,  2, 167).  --25.  From  Bryony  {Phytochem.  37 ;  Brandes  &  Firn- 
haber,  N.  Br.  Arch.  3,  351). 

A  few  of  the  somewhat  better  known  gums  are  added  as  an  Appendix. 

/;*  th(*  Animal  Kingdom. — Cockchafci-8,  silk-womis,  and  the  livor  and 
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gills  uf  the  craw-fisli  contain  a  gum  agreeing  in  its  properties  with 
arabiu.     (StUdeler,  Ami.  Fhann,  111,  26.) 

Foi^iation,  From  the  tsonimc  hodt/,  Metagummk  acid, — 1.  By  bringing 
this  substance  in  contact  with  aqueous  alkalis  or  alkaline  earths.  (Neu- 
bauer,  Fremy). —2.  By  boiling  metagummate  of  lime  with  water  (Gelis) ; 
hence  also  the  msoluble  part  of  cherry  tree  gum  is  rendered  soluble  by 
prolonged  boiling  with  water  (Guerin-Varry),  more  quickly  with 
aqueous  alkaUne  carbonates.     (Fremy.)      On  the  formation  of  gum  by  the 

lactic  acid  fermentation  of  cane-sugar,  according  to  BenschV  process  (xi,  475),  see 
CanC'tugar  s  on  the  formation  of  gum  by  the  decomposition  of  tannic  add*  see  that 
substance.  ^-  Uofmann  obtained  a  gum  agreeing  with  gum-arabic,  by  the  spontaneoua 
decomposition  of  pyroxylin  (p.  1 75).  Qum  is  formed  by  the  continued  boiling  of  sea* 
weed  mucilage  wi&  dilute  sulphuric  acid.  {Ed.  Phil,  J.  26,  409.) 

JPreparatt'on.  From  Gum-arabic.  A  solution  of  gum  prepared  with 
cold  water  and  as  concentrated  as  possible  is  mixed  with  sufficient 
hydrochloric  acid  to  produce  a  strong  acid  re-action,  and  precipitated  with 
alcohol;  the  precipitate  is  washed  with  alcohol,  dissolved  in  water 
containing  hydrochloric  acid,  and  again  precipitated  with  alcohol ;  and 
the  resultmg  precipitate  is  washed  with  alcohol  till  all  the  hydrochloric 
acid  is  removed.  (Neubauer).  —  T«  ^  strong  solution  of  giun,  mixed 
with  4  or  5  p.  c.  of  hydrochloric  acid,  is  subjected  to  dialysis  until  it 
no  longer  gives  a  precipitate  with  nitrate  of  silver.  —  in  operatmg  with  a 

20  p.  c.  solution  of  gum,  the  proportion  of  ash  can  be  reduced  in  this  way  to  0*1  p.  c. 
in  5  days.  — (Graham,  Phii.  Trans.  1861,  p.  214,  Cliem.  Soc.  J.  15,  257; 
Ann,  Pharm,  121,  53.)    1[. 

Propei*tie8.  In  the  moist  state,  a  milk-white  amorphous  mass,  which 
becomes  glassy  and  transparent  when  dry.  Reddens  litmus.  (Neu- 
bauer). Its  power  to  redden  litmus  is  comparable  to  that  of  carbonic 
acid ;  100  pts.  arable  acid  is  neutralised  by  2*85  pts.  potash.  (Graham.) 
Gum-arabic  possesses  IsBvo-rotatory  power  (Biot  &  Persoz) ;  for  pure 
gum  (t),  [a]  =  36°  to  the  left.     (Bechamp,   Compt.   rend.  51,  256.) 

On  the  colours  and  figures  of  gum-arabic  in  polarised  light,  see  Roussin   {N.  J.  PAarm, 

37,411) — Diffusive  power,  half  as  great  as  that  of  tannic  acid,  400 
times  less  than  that  of  chloride  of  sodium.    (Graham.) 

Neubauer. 
at  100''.  mean. 

24  C 144     42-12     41-97 

22  H    22     6-41     6-51 

22  O    176    51-47    51-52 

C24|jj2023 312     100-00    10000 

Gum-arabic  or  Gum^senegaU 

Berzelius.  Prout.  GUbel.  Gay-Lussac      Berthollet.       Saussure. 

&  Th^nard. 

C       42-68     41-4       42-2       42-23     43-90     45-84 

H        6-37     6-5       6-6       093     686     5-46 

O       50-95     521 51-2       50*84     4924     48-70 

100-00     1000       1000      JOO-00     100-00     100-00 
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Qu6rin-VaiTy.  Mulder. 

a.  b,  a,  b,  c, 

C 43-81     ....     43-59     446       ....     44*40  ....     44*70 

H 620    ....      6-23     6-1       ....      6-09  ^.       609 

O    49-99     ....     5018     49-3       ....     4951  .".    49-21 


100-00     ....  100-00     100-0       ....  100-00     ....  100-00 

The  analyses  of  the  guinsi  with  the  exception  of  Mulder's,  were  calculated  according 
to  the  old  atomic  weight  of  carbon.  —  Gaerin-Yarry  analysed  gums  dried  at  125"*,  a. 
gum-arabic,  b.  gum-senegal.  Mulder,  gums  dried  at  130"  ;  a.  gum-arabic^  h.  {gpum-- 
Senegal,  e.  Java  gum.   'The  other  analyses  relate  to  the  substance  dried  at  lOO*'. 

The  earlier  formuls  were  deduced  from  the  analyses  of  gum-arabic ;  for  air-dried 
gum,  OH*0<  (Ure) ;  gum  dried  at  100%  C»7H»«0"  (Prout),  C"H"0»  (Bcrzelius, 
Liebig),  gum  dried  at  125%  C^H^OW  (Gu^rin-Varry.  Mulder).  Gum-arabic  dried  at 
100*  gives  off  1  at.  water  at  120°,  and  is  then  O^iW  (G6Us).--On  the  specific 
gravity  of  gum-arabic,  and  the  amount  of  ash  which  it  yields,  see  Arabaie  qfLime. 

Decompositwna,  1 .  Arabic  aoid,  which  in  the  moist  state  dissolves 
readily  in  water,  becomes  insoluble  after  drying  at  mean  temperature, 
or  at  100%  and,  when  water  is  poured  upon  it,  swells  up  to  a  jelly,  like 

frog-spawn.     (Neubauer,  Graham.)     Doubtless  in  consequence  of  the  forma. 

tion  of  metagummic  acid  (Kr.).  Gum-arabic  dried  at  120°  becomes  inso- 
luble, but  without  loss  of  water  when  heated  for  some  time  to  150** 
(G^Iis^,  being  converted  into  metagummate  of  lime  (Fremy).  Gum- 
arabic  roasted  with  oxalic  acid  yields  oxalate  of  lime  and  metagummic 
acid  (Fremy).  Arabic  acid  heated  for  some  time  to  170°,  gives  off 
8*17  p.  c.  of  its  weight  and  turns  yellowish  brown  (Neubauer). 

Gum-arabic  turns  yellow  between  135°  and  140°,  becomes  darker 
as  the  temperature  rises,  gives  off,  between  166°  and  180°,  the  cmpy- 
reumatic  odour  of  bimit  sugar,  then  assumes  a  brown  colour,  and  be- 
comes partially  insoluble  in  water  (Mulder).  After  drying  at  100°, 
it  loses  2*6  p.  c.  of  its  weight  when  heated  to  150°  —  177°,  and  turns 
brown  (Prout),  at  the  same  time  producing  an  acid.  (Vaudin,  J, 
Fharm.  9,  193.) 

Gum-arabic  yields  by  dry  distillation  a  gaseous  mixture,  consisting 
of  carbonic  acid,  hydrogen,  carbonic  oxide  and  hydrocarbons,  a  distil- 
late of  empyreumatic  acetic  acid,  and  a  residue  of  charcoal  mixed  with 
carbonate  of  hme,  and  a  little  phosphate  (Cruikshank).  100  pts.  gum 
yield  58*9  pts.  of  a  thick  brown  distillate  less  acid  than  that  obtained 
from  sugar,  and  leave  28*6  pts.  of  charcoal  and  ash.  (Vauquelin,  BulU 
Fharm.  8,  49.) 

2.  When  dry  air  at  14°  is  passed  over  gum-arabic,  a  large  quan- 
tity of  carbonic  acid  is  formed.  (Karsten,  Berl.  Akad,  JBer.  Jan. .1860 ; 
J.  pr.  Chem.  79.  226.) 

3.  The  aqueous  solution  of  gum  turns  acid  on  standing  (only  when 
air  has  access  to  it,  according  to  Guerin-Varry),  and  after  a  very  long 
time  produces  a  peculiar  sugar,  which  turns  the  plane  of  polarisation 
of  a  luminous  ray  to  the  right,  ^  less  than  grape-sugar,  and  does  not 
form  mucic  acid  with  nitric  acid  (Fermond,  Berthelot  Chim.  org,  2,  250). 
Accordmg  to  Maumene  {Compt.  rend,  89,  914;  J.  pr.  Chtm.  64,  147)  it 
does  not  change  either  at  ordinary  or  at  higher  temperatures,  and  pre- 
serves its  rotatory  power  unaltered  for  months. 

4.  When  oil  of  vitriol  is  covered  with  a  layer  of  very  strong  solution 
of  gum,  the  gum,  after  standing  for  some  hours,  is  completely  con- 
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verted  into  metagiimraic  acid.  (Fremy.)  Gum-arabic  previouBly  freed 
from  lime  by  oxalic  acid  is  not  converted  into  metagummic  acid  under 
these  circumstances  (P'remy).  —  When  pulverised  gum-arabic  is  tritu- 
rated with  oil  of  vitriol,  it  becomes  coloured,  after  &ome  hours ;  and  on 
diluting  with  water,  neutralising  with  chalk,  then  filtering  the  solu- 
tion, and  evaporating,  sulphogummic  acid  remains,  together  with  a 
peculiar  guna  resembling  that  which  is  produced  from  linen  by  the 
action  of  snlphuric  acid  (Braconnot),  and  not  CM)aUe  of  fermenting 
with  yeast  (Guerin-Varry).  Gum  heated  with  oil  of  vitriol,  becomes 
carboniacd,  and  forms  water  together  with  traces  of  acetic  acid  (Proust, 
A,  GehL  3,  43),  artificial  tannin  (Hatchett),  and  malic  acid  (Link). 

Tl^  aqueous  solution  of  gum-arabic,  when  left  to  stand  for  some 
time  in  contact  with  dilute  sulphuric  acid;  loses  its  leevo-rotatory 
power — ^more  quickly  when  heated  or  boiled  with  the  acid — and,  if  the 
temperature  be  gradually  raised  to  96^  quickly  acquires  dextro-rota- 
tory power,  which  remains  unaltered  after  prolonged  boiling.  At  the 
moment  when  the  rotatory  power  changes  from  left  to  right,  the 
solution  contains  gum-dextrin,  precipitable  by  alcohol,  resembling  gum- 
arabic  when  dry,  yielding  mucic  acid  with  nitric  acid ;  but  after  boiling 
for  some  time,  it  is  no  longer  precipitable  by  alcohol,  and  then  con- 
tains a  fermentable  sugar  (Biot  &  Persoz) ;  probably  identical  with 
galactose,  the  product  obtained  from  milk-sugar  by  the  action  of  acids. 
(Berthelot,  Chim.  org,  2,  219.) 

The  acid  mixture  cf  gum-mucilage  and  dilute  sulphuric  acid,  if  left 
to  cool  before  it  ceases  to  be  precipitable  by  alcohol,  deposits  flocks 
containing  gum-dextrin  mixed  with  gypsum.  If  the  former  bo  re- 
moved by  washing  with  acidulated  water,  and  the  latter  by  boiling 
with  dilute  soda-solution  and  subsequent  washing  with  acidulated 
water,  the  flocks  dissolve  at  the  moment  when  all  the  acid  is  removed, 
forming  an  optically  inactive  mucilage.  (Biot  &  Persoz,  Ann.  Chim, 
Phys.  2,  249.) 

5.  When  gum-arabic  is  heated  with  water,  bicarbonate  of  potash, 
and  iodinej  iodoform  is  produced.  (MLllon,  Compt  rend,  21,  828 ;  J, 
pr,  Chem.  87,  53.)  Iodine  does  not  colour  gum-arabic  (Ludwig); 
aqueous  iWw  acid  decomposes  it  at  the  boiling  heat. 

6.  Powdered  gum  absorbs  chlorine  gas,  with  evolution  of  carbonic 
acid,  turning  brown  and  deliquescmg  to  a  compound  of  decomposed 
gum,  with  hydrochloric  acid.  (Boulllon-Lagrange  &  Vogel.)  —  Gum 
re-aets  with  chlorine,  either  moist  oi-  dry,  exactly  like  starch  (p.  83), 
(Liebig).  Chlorine  gas  passed  through  the  aqueous  solution,  appears 
to  form  citric  acid  (Vauquelin).  Guerin-Varry  and  Simonin  were  not 
able  to  find  this  acid.  —  When  chlorine  gas  is  passed  for  some  time 
through  a  dilute  solution  of  gum,  the  liquid,  after  standing  for  some 
time,  deposits  white  flocks,  which  have  an  acid  re-action,  even  after 
washing,  smell  like  chlorine,  and  contain  chlorine,  nitrogen,  and  gum 
(Guerin-Varry).  When  a  gum-solution  saturated  by  the  prolonged 
passage  of  chlorine  is  neutralised  w^ith  chalk,  and  the  filtrate  evapo- 
rated to  a  syrup  is  mixed  with  alcohol,  a  pasty  lime-salt  soluble  hi 
water  is  precipitated,  whereas  on  supersaturating  with  hydrate  of 
lime,  an  insoluble  lime-salt  is  obtained.  The  latter,  decomposed  with 
sulphuric  acid,  yields  a  peculiar,  non-crystallisable  acid,  whose  solution 
is  precipitated  by  neutral  acetate  of  lead,  but  not  by  nitrate  of  silver. 
(Simonin,  Ann,  Chim.  Pki/s,  50,  319.) 
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7.  Powdered  gam  absorbs  hyrochloric  acid  gas  and  deliquesces 
to  a  soft  brown  mass,  from  which  sulphuric  Acid  eliminates  hydro- 
chloric acid,  (Bouillon-Lagrange  &  Vogel.)  Fuming  hydrocnloric 
acid  dissolves  gum  with  brown  colour,  and  separates  carbonic 
acid  on  cooling.  The  solution,  after  being  neutralised  with  ammonia, 
leaves  on  evaporation  a  residue  which  is  soluble  in  alcohol,  melts  when 
heated,  and  smells  like  burnt  sugar.    (Fourcroy.) 


•  • 


8.  Gum  immcHsed  in  fuming  nitnc  acid  is  converted  iurto  xyloidin 
(Braconnot),  nitro-gum  (Bechamp);  when  immersed  in  n^r^ulphuric 
(icid,  it  is  converted  into  an  explosive  substance  resembling  pyroxylin 
(Flores-Domonte  &  Menard,  Svanberg)  ;  into  binitro-gum  (Bediamp.) 
—  Oum  heated  with  moderately  concentrated  nitric  acid,  is  4tcom- 
posed,  with  formation  of  mucic  acid  (Fourcroy  &  VauquelinY  saccharic 
acid  (Guerin-Varry),  oxalic  and  tartaric  acids,  (Liebig,  Arm,  Pharm. 
113,  4.) 

a.  When  1  pt.  gum  is  triturated  in  a  cooled  mortar  with  3  pts. 
fuming  nitric  acid,  and  after  complete  solution,  the  still  cummy  liquid 
is  diluted  with  20 — 30  pts.  water,  a  precipitate  is  formedconsisting  of 
dextro-rotatory  nitro-gum  C*'H*0*,NO*,  which,  after  washing  and 
drying,  cakes  together  into  a  homy  mass,  and  dissolves  in  alcohol  of 
90  p.  c,  whence  it  is  obtained  as  a  white  mass  which  becomes  electric 
by  friction.  (Bechamp.)— When  a  solution  of  1  pt.  gum  in  5  pts. 
fuming  nitric  acid  is  precipitated  by  3  pts.  oil  of  vitriol,  and  the  cake  is 
comminuted  and  suspended  in  20 — 30  vols,  water,  a  hard  precipitate  is 
obtained  which  remains  pulverulent  after  d^ing,  and  yields  to  alcohol 
95  p.  c.  of  dextro-rotatory  binitro-gum,  C"H*0*,2N0*,  whilst  another 
compound  remains  dissolved.  (Bechamp,  Compt,  rend,  51,  256. —  See 
also  Flores-Domonte  &M^iierd,  Compt.  rend.  24,  89;  N,  J.  Pharm,  12, 159  j — Svan* 
berg,  BerzeL  Jahrtiber.  27>  394 ;— Reinsch,  Jakrb.  pr.  Pharm.  481, 102.) 

h.  Gum-arabic  heated  with  an  equal  weight  of  nitric  add  of  sp.  gr. 
1*34  is  but  partially  decomposed ;  with  two  parts  of  the  acid,  it  is  ae- 
composed,  with  formation  of  saccharic  acid ;  heated  with  4  pts.  nitric 
acid,  it  yields  16*88  p.  c.  mucic  acid  and  a  small  quantity  of  oxalic  acid ; 
with  6  pts.  or  more  of  nitric  acid,  a  smaller  quantity  of  mucic  but  a 
larger  quantity  of  oxalic  acid  is  obtained.  (Guerin-Varry.)  Respecting 
the  formation  of  tartaric  add,  see  Milk-tugar.  The  saccharic  add  produced  at  the 
same  time  (zi.  513)  was  formerly  mistaken  for  malic  add. —  Gum-arabic,  which  is 

tevo-rotatoiy,  becomes  dextro-rotatory  under  the  influence  of  nitric 
acid  (and  indeed  by  the  action  of  dilute  adds  in  general),  tliis  power, 
however,  becoming  weaker  as  the  oxidising  action  of  the  nitric  acid,  and 
the  formation  of  mucic  acid  begin  and  advance.  The  liquid  now  acquires 
l»vo-rotatory  power  equal  to  that  which  the  gum-arabic  originally 
possessed,  then  exhibits  indications  of  the  presencl^  of  oxalic  acid,  and 
again  loses  part  of  its  tevo-rotatory  power,  without  however  becoming 
quite  inactive,  inasmuch  as  a  Isevo-rotatory  substance  remains  dissolved 
in  the  mother  liquors.  Hence  the  mucic  acid  appears  to  be  formed 
from  a  dextro-rotatoiy,  the  oxalic  add  from  a  laevo-rotatory  substance 
contained  in  the  gum.    (Dubrunfaut,  Compt.  rend.  42,  232.) 

9.  Gum  heated  in  sealed  tubes  with  bromine,  yields  a  colourless 
or  yellowish  liquid,  probably  C"H'»0"Br»,  which,  when  treated  with 
oxide  of  silver,  oxide  of  lead,  or  caustic  soda,  is  converted  into 
isobighjcolethykniQ  acid  0"JI*W*.    (Barth  &  Hlasiwctz :  see  p.  232). 
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10.  By  gaseous  fluoride  of  boron  gum  is  slowly  liquefied,  without 
blackeiiing.  (Berthelot,  iV. -4»/i.  Ckim.  Phys,  38,  38.)  — 11.  Gum  on 
which  warm  aqueous  arsenious  acid  is  poured,  turns  brown,  perhaps  with 
fdrmation  of  sugar.  (Baumann,  N.  Br,  Arch.  37,  50.) — 12.  lieatcd 
for  some  time  with  aqueous  osinic  acidy  it  yields  oxaUc  acid,  probably 
also  acetic  acid,  and  a  substance  precipitable  by  basic  acetate  of  lead. 
(ButtleroWj  J.pr.  Chem.  56,  276.) 

13.  Gum  heated  to  150°  with  aqueous  ammonia,  is  converted  into  a 
brown  nitrogenous  mass,  resembUng  that  which  is  produced  under 
similar  circumstances,  from  starch  (p.  87).  (Schiitzenberger.)  — 14. 
Heated  with  4 — 5  pts.  hydrate  of  potash  and  a  small  quantity  of 
water,  it  is  decomposed,  with  formation  of  oxakte  of  potash  (Gay- 
Lussac),  also  of  carbonate,  formiate,  acetate,  and  propionate  of  potash, 
with  the  same  appearances  as  are  observed  in  the  corresponding 
decomposition  of  starch  or  of  cane-sugar  (Gottlieb;  see  vii.  185;  xv.  88; 
vJiMo  C<me-9^ar). — 15.  By  the  diy  distillation  of  powdered  gmn  with 
8  pts.  quicklime,  an  oily  distillate  is  produced  containing  acetone  (ix.  1.) 
and  a  small  quantity  of  metacetono.     (Fremy,  Ann,  Chim,  Phys.  59,  6.) 

16.  Aqueous  gum-solution  mixed  with  a  small  quantity  of  nitrate 
of  silver,  reddens  immediately  in  sunshine,  gradually  in  diffused  day- 
light, and  gradually  deposits  metallic  silver.  (Rouchas,  J.  Pharm, 
17,  116;  N,  Tr,  24,  2,  187).  — 174  Aqueous  ferricyanide  of  potassium, 
in  presence  of  free  alkali,  oxidises  gum  to  carbonic  acid  and  water,  but 
less  quickly  than  cane-sugar.  (Wallace,  Chem,  Soc.  Qu.  J,  7,  77 ;  /.  pr, 
Chem.  64,  77.) 

18.  Gum-solution  does  not  ferment  in  contact  with  yeast  (Cruik- 
shank),  it  is  not  altered  by  the  saHva  or  the  gastric  juice.  (Frerichs ; 
Blondlot,  Handb,  Zoochemie,  viii,  577.)  Gum  left  in  contact  with 
cheese  and  chalk  in  a  warm  place,  yields  alcohol  and  a  small  quantity  of 
lactic  acid,  without  previous  formation  of  yeast,  but  neither  mannito 
nor  glycerin.  (Berthelot,  N,  Ann,  Chim.  Phys.  50,  365), 

Combinations,  With  Water,  —  Air-dried  gum-arabic  contains  water, 
which  escapes  in  vacuo,  or  when  the  gum  is  heated.     For  further  details, 

see  Arabate  qf  Lime  (p.  201). 

Moist  arable  acid  dissolves  readily  in  water,  forming  a  solution 
which  is  not  precipitated  by  alcohol  unless  the  arable  acid  contains 
mineral  acids  or.  salts.  A  drop  of  nitric  acid,  hydrochloric  acid,  or 
solution  of  common  salt  added  to  the  solution  mixed  with  alcohol,  pro- 
duces complete  precipitation.  (Neubauer).  similar  appeonnoM  are  pre- 
seated  by  the  mudlBge  of  Gummi  arabiettm  eleetum,  when  it  is  mixed  with  twice  its 
Tolume  of  alcohol  of  76  yoI.  p.  c  A  drop  of  hydrochloric  acid  or  solution  of  com- 
mon salt  produces  coagulation ;  a  larger  quantity  of  either  liquid  dissolves  the  whole. 
With  other  sorts  of  gum-arabic,  alcohol  likewise  produces  coagulation  which  disappears 
on  addition  of  hydrochloric  acid.  (Ludwig,  N.  Br.  Arch,  82,  155).  According  to 
other  statements,  gum -mucilage  is  precipitated  by  alcohol,  even  if  it  contains  only 
■^  p.  c.  of  gum.     (See  also  Preparation  qf  arabic  acid,  p.  197.) 

The  aqueous  solution  of  gum-arabic  or  gum-senegal  is  called 
Mucilage  (Mucilago,  Qummischleim),  It  is  more  or  less  viscid,  glutinous, 
transparent  or  translucent,  colom-less  to  pale  yellowish  brown.  100  pts. 
of  wat€r  at  15®  dissolve  100  pts.  of  gum-arabic;  at  100°,  from  108  to 
116  pts.  (Hcrberger);  of  gum-senegal,  100  pts.  water  dissolve  72  pts. 
at  15°,  and  96  pts.  at  100°  (Ilerbcrger):  according  to  Gueiin-Varry, 
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till  the  alkaline  re-action  disappears,  but  not  till  the  whole  of  the  gum 
is  precipitated ;  the  curdy  precipitate,  which  is  Tciy  friable  when  dry, 
contains  38-25  p.  c.  oxide  of  lead  (Berzelius,  Ldirh,  3  Aufl.  6,  400)  from 
37*9  to  88'1  p.  c.  (Riegel,  N,  Br,  Arch.  55,  155).  When  mucilage  is 
dropped  into  an  excess  of  basic  acetate  of  lead,  the  precipitate,  after 
drying  at  130°,  contains  37*27  p.  c.  oxide  of  lead,  but  when  the 
basic  acetate  is  added  to  excess  of  mucilage,  the  precipitate  contains 
30-15  p.  c.    (Mulder.) 

Arahate  of  Capper.  —  From  an  aqueous  solution  of  arabiu  mixed 
with  acetate  of  copper,  alcohol  throws  down  a  precipitate  of  the 
foi-mula  C"H»WS  CuO+C»H"0"  (Hekmeljer}.— When  aqueous  gum- 
arable  is  mixed  with  potash-ley,  and  then  with  sulphate  of  copper,  a 
blue  m^edpitate  is  formed,  which  is  insoluble  in  pure  water,  and  does 
not  blacken  even  at  the  boiling  heat.    (Trommer,  Ann.  Pharm.  39, 360.) 

The  sky-blue  precipitate  is  peimanent  in  the  air,  turns  brown  after 
immersion  for  some  time  in  boiling  water,  and  after  drying  in  vacuo, 
contains  40-2  p.  c.  cupric  oxide.  (Lassaigne,  J.  chwi.  med.  182,  416.) 
When  gum-mucilage  is  mixed  with  a  small  quantity  of  sulphate  of 
copper,  then  with  excess  of  potash-ley,  and  sUghtly  warmed,  an  azure- 
coloured  solution  is  formed,  which  remains  clear  and  blue  when 
boiled.  If  the  gum  contains  sugar  (which  can  be  extracted  by  alcohol), 
the  protoxide  of  copper  is  reduced  to  dioxide  (Ludwig,  N.  Br.  Arch. 
82,  157). — When  gum-mudlage  is  boiled  for  a  long  time  with 
aqueous  cupric  acetate,  a  brown  precipitate  separates,  and  the  filtrate 
after  standmg  for  a  while  deposits  red  cuprous  oxide.  (Peschier,  J. 
Pliami.  3,  509.)  —  Gum  dissolves  in  aqueous  cuprammonia  (Cramer,  J. 
pr.  Chem.  73,  15),  and  when  added  to  a  solution  of  cellulose  in  that 
liquid  precipitates  the  cellulose  completely.  (Schlossberger,  Ann. 
Pharm.  107,  24.) 

Gum-solution  dissolves  merctirous  and  mercuric  oxide.  (Peschier,  J. 
Pharm.  3,  509.)  It  forms  a  white  precipitate  with  mercurous  nitrate, 
but  does  not  precipitate  mercuric  salts  or  terchlmnde  of  gold  (PfafiF), 
It  is  not  precipitated  by  infvsion  of  galls  (Pfaff).  —  Concentrated 
gum-mucilage  is  not  precipitated  either  by  indigo  or  by  cannine. 
Maschke,  J.  pr.  Cliem.  76, 47.) 

Arabic  acid  and  gum-arabic  are  insoluble  in  alcohol  and  in  ether. 
Alcohol  frees  gum-arabic  from  foreign  substances.  —  Glycerin  dissolves 
gum-arabic  (Cap  &  Garot,  N.  J.  Pharm.  26,  81). 

%  With  Gelatin.  —  On  mixing  solutions  of  arable  acid  and  gelatin, 
oily  drops  are  precipitated  which  solidify  to  a  neai-ly  colourless  jelly- 
by  standing.  This  compound  melts  at  25°.  It  may  be  washed  with 
water  without  decomposition,  but  is  slightly  soluble  in  warm  water, 
more  so  in  solution  of  gelatin.  The  oily  drops  and  the  jelly  contain 
83-5  p.  c.  water.  Prepared  with  excess  of  arable  acid,  and  dried  at 
100°,  it  contained  100  pts.  arable  acid  to  59  pts.  gelatin.  Solution  of 
gelatin  is  not  precipitated  by  solution  of  unpurified  gum,  or  by  solu- 
tion of  arabate  of  potash.  (Graham,  Phil.  Trans.  1861,  p.  215  ;  Chem, 
Soc.  Qu.  J.  15,  258 ;  Ann.  Pharm.  121,  67).    IT 
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Appendix  to  Arabic  Acid  and  Gum, 

1.  Gum  from  Gamboge. -^  When  gamboge  is  exhausted  with  ether 
and  absolute  alcohol,  the  residue  boiled  with  water,  concentrated 
and  precipitated  by  water,  a  gummy  precipitate  is  obtained,  which 
may  be  freed  from  colouring  matter  by  washmg  with  alcohol.  —  After 
drying  at  110°  and  trituration,  it  forms  a  pale  yellow  powder,  contain- 
ing 44-47  p.  c.  C,  6-16  H.,  and  49-37  0.,  therefore  C»H"0".  — With 
nitric  acid,  it  yields  mucic  acid,  and  with  dilute  sulphuric  acid,  after 
12  hours'  boiUng,  a  red-brown,  very  sweet,  non-fermentable  sugar. 
(Buchner,  Arm.  fharm.  45,  89.) 

2.  Gum  from  IpecacuanJia  root. -^The  decoction  of  the  root  is  freed 
from  phosphoric  acid  by  precipitation  with  neutral  acetate  of  lead ;  the 
filtrate  is  precipitated  with  basic  acetate  of  lead,  the  washed  precipi- 
tate is  suspended  in  water  and  decomposed  by  sulphuretted  hydrogen ; 
the  liquid  filtered  from  the  sulphide  of  lead  is  concentrated  to  half  its 
bulk ;  and  the  gum  is  precipitated  with  alcohol  of  98  p.  c.  It  contains 
44-45  p.  c.  C,  6-31  11.,  and  49-24  0.  (Willigk,  Wien.  Akad.  Ber.  5, 
190.) 

3.  Gum  from  fermented  Mangold-wurzel  Juice.  —  The  juice  is  preci- 
pitated with  alcohol ;  the  precipitate  washed  and  dissolved  in  water ; 
the  solution  precipitated  with  basic  acetate  of  .lead ;  the  precipitate 
decomposed  under  water  with  sulphuretted  hydrogen ;  and  the  filtrate 
evaporated  to  dryness  over  the  water-bath.  —  Transparent,  vitreous, 
scarcely  coloured  mass,  resembling  gum-arabic.  Contains  40-89  p.  c. 
C,  6-10  H.,  and  53*01  0.    (Kircher,  Ann.  Pharm.  31,  337.) 


Metagummic  Acid. 

A.  Oi^Lis.     Compt.  rend.  44,  144;  N.  J.  Pharm.  31,  216;  J.pr.  Chem. 

71,  378. 
Fremy.    Compt.  rend.  50,  124 ;  N.  J.  Pharm.  37,  81 ;  abstr.  Chetn.  Centr. 

1860,  607. 

See  page  193. 

PerhiEips  a  pectotu  modification  of  arabic  add.     (Graham). 

The  acid  in  combination  with  lime  forms  Cerasin,  the  constituent  of 
cherry,  plum,  apricot,  peach,  and  almond  tree  gum,  which  is  insoluble 
in  water,  and,  according  to  Fremy  and  Gelis,  is  identical  with  the 
insoluble  compound  formed  from  gum-arabic. 

Cherry  tree  gum  is  a  mixture  of  arabin  and  ccrasin  in  variable  pro- 
portions (Schmidt) ;  it  contains  34*9  p.  c.  cerasin,  52*1  p.  c.  arabin,  and 
from  1  to  3  p.  c.  ash  and  water.  (Gmerin-Varry.)  Gummi  Cerasorum 
boiled  with  water  leayes  a  residue  of  bassorin-jelly,  whereas  Gummi 
Persicwum  dissolves  almost  completely.  Both  contain  a  certain  quan- 
tity of  glucose,  the  latter  also  tannic  acid.  (Ludwig,  N.  Br.  Arch.  82, 
152).  Almond  tree  gum  is  almost  wholly  soluble  in  water.    (Landerer, 
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Repert.  56,  82.)  —  The  gum  of  the  cherry  tree  and  of  the  other  treefl 
above-mentioned  exhibits  the  same  composition,  nearly  agreeing  with 
the  formula  C"H*®0^°  (Guerin-Varry).  When  cherry  tree  gum  is 
evaporated  with  water  and  hydrochloric  acid,  alcohol  added  to  the 
solution,  which  has  become  mobile,  tlirows  down  a  gum  containing 
44-26  p.  c.  C,  6-27  fl.,  and  49-47  0.,  therefore  C"ff^»<».  '(Schmidt, 
Ann,  Pharm.  51,  38.) 

Formation  and  Preparation,  1.  When  oil  of  vitriol  is  covered  with 
a  layer  of  a  syrupy  solution  of  gum-arabic,  the  gum  is  converted  into 
metagummic  acid,  which  may  be  removed,  washed  and  dried  (Fremy). 
—  2.  Grun-arabic  heated  for  some  time  to  150°  becomes  insoluble  in 
water  (Gelis),  and  is  converted  into  metagummate  of  lime.  (Fremy,  see 
pp.  194, 198.) — 3.  Gum-arabic  undergoes  tlie  same  transformation  when 
roasted  with  oxalic  acid.  (Fremy.)  —  4.  iMeubauer's  arabin  is  ren- 
dered insoluble  in  water  by  drying,  doubtless  from  conversion  into 
metagummic  acid. 

Corasin  is  obtained  from  cherry  tree  gum  by  dissolving  out  the 
arabin  with  water,  at  20°,  and  drying  the  undissolved  portions  over 
the  water-bath.  As  thus  prepared  it  is  a  colourless,  semi-transparent, 
veiy  friable  mass,  which  contains  8-4  p.  c.  water  and  leaves  1  p.  c.  ash. 
It  swells  up  in  cold  water  without  dissolvhig.  (Guerin-Vai-ry,  Ann, 
Chim,  Phys,  49,  274.) 

Metagummic  j\cid  prepared  from  gum-arabic  with  oil  of  vitriol 
contains  on  the  average,  40*96  p.  c.  C,  6*02  H.,  and  53-02  0.  (Fremy.) 
Its  formula  is  C"II"0",  as  appears  from  Neubaucr's  analysis  of  ara- 
bhi  (more  correctly,  that  of  metagummic  acid.    Kr.  see  page  197.) 

Metagummic  acid  is  not  altered  by  boiling  with  xcater^  but  when 
boiled  with  alkaline  water,  or  with  a  small  quantity  of  lime,  it  is  con- 
verted uito  an  arabate  of  the  alkali  or  of  lime.  (Fremy.)  In  like 
manner,  natural  cerasin — in  so  far  as  it  contains  lime — (Guerin-Varry) 
and  metagummate  of  lime  obtained  by  heating  gum-arabic  (Gelis),  arc 
dissolved  by  boiling  with  water.  Natural  cerasin  likewise  dissolves 
more  easily  when  boiled  with  water,  after  addition  of  an  alkaline  car- 
bonate, and  with  sepamtion  of  carbonate  of  lime.  (Fremy.)  —  Cerasin 
boiled  with  nitric  add  of  sp.  gr.  1-139  yields  as  much  mucic  acid  as 
gum-arabic.     (Guerin-Varry. 

Insoluble  in  alcohoh 


Bassorin. 

C»H'^"  or  C«n>°0»». 

Gu6rin-Var»y.     Ann.    Chim,  Phys,  40,  248  and  51,  222. 
Mulder.    J.  pr.  Chetn.  15,  207 ;  further,  37,  388. 
Schmidt.    Ann,  Pharm,  51,  29. 

LuDwiG.    N^  Br.  Arch,  82,  33  and  153. 

« 

Traganthstoff  (BnebhoU),  TVaganihiH,  Adraganthin,  Berzeliwf  Vegetable  Mueui  in 

part —  The  part  of  Bassora-gum,  gum-tragacanth,  and  other  gums, 
which  is  insoluble  in  water  and  swells  up  therein. 
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Sources.  In  Bassora  or  Kutera  gum  which,  according  to  Vauquelin 
and  Fremy,  consists  almost  wholly  of  it,  according  to  Guerifi- Varry, 
of  61*81  p.  c.  bassorin,  together  with  arabin,  ash  and  constituents 

soluble  in  alcohoK  Sec,  on  this  subject,  Gnciin-Varry,  Gnibourt  (J.  Chim,  mid. 
8,  419;  Ann,  Pharm,  9,  225).  Vauguelin  (Bull.  Pharm.  3,  52),  Ludwig  {N,  Br.  Arch. 
82,  32)._In  Acajou-gum  (Trommsdorff,  N.  Tr.  22,  2,  252).—  In  the  gum 
of  Cactus  opuntia  (Bazin  &  Guibourt,  J.  Pharm.  20,  525  ;  Trommsdorff, 
N.  Tr.  19,  2,  35).  —  In  Gummi^SimaruhcB  {Jjyi&wig).  —  In  false  gum- 
tragacanth  (N.  v.  Esenbeck,  Mag.  Pharm.  25,  241 ;  Brandes,  Mag. 
'  Pharm.  33^4).—  Gum  tragacanth  contains,  according  toBuchholz  (Tas- 
chenb.  1815,  83)  57  p.  c.  arabin  and  43  p.  c.  bassorin,  together  with 
starch  (but  not  always,  according  to  Flaschboff,  Br,  Arch.  21, 222.),  the  brown  SOrt 

containing  more  starch  than  the  whit€,  and  consequently  turning  blue 
with  iodine  (Fromberg,  Mag.  Pharm.  1826, 15, 169  ;  Planche,  J.  Pharm. 
13,  25).  According  to  Gkierin-Varry,  it  contains  53*3  p.  c.  arabhi, 
33*1  p.  c.  bassorin,  11*1  p.  c.  water,  and  2*5  p.  c.  ash;  according  to 
others,  little  or  no  arabin.  It  leaves  3*57  p.  c.  ash  (Lowenthal  &  Haus- 
mann,  Ann.  Pharm.  SO,  112);  contains  on  the  average  16*35  p.  c. 
water  (Ludwig,  jS^.  Br.  Arch.  82,  38).  Boiling  alcohol  extracts  from 
tragacanth  1*56  p.  c. :  the  solution  was  found  to  contain  a  bitter  sub- 
stance, sugar  being  foimd  in  it  only  once. — On  the  microscopical  constituents 
of  gam-tragacanth,  see  Mohr  {Bot.  Zeit.  1857,  37) ;  Hartig  (Entmckl.  d.  Pflanztnk.  39) 
Maschke  {J.  pr.  Chem,  76,  49). 

Gum- tragacanth  dried  at  17*5'*  contains  40*5  p.  c.  C,  6*61  11.,  and 
52*82  0.  (Hermann.)  Select  gum-tragacanth  dried  between  100°  Jind 
110°  contains  45*25  p.  c.  C,  6*00  H.,  and  48*75  0.,  after  deduction  of 
1*75  p.  c.  ash.    (Schmidt.) 

Preparation.  Gum-tragacanth  or  Bassora-gum  is  exhausted  with 
cold  water,  and  the  insoluble  residue  is  dried.  (Guerin-Varry.) 
Trommsdorff  employs  acajou-g^um,  and  washes  the  residue  likewise 
with  alcohol. 

Schmidt  pours  cold  water  on  lumps  of  pure  gum-tragacanth ;  leaves 
them  to  stand  for  24  hours ;  agitates  the  swollen  mass  with  alcohol 
containing  hydrochloric  acid,  till  it  cakes  together ;  decants  the  alco- 
hol from  the  lumps ;  suspends  them  in  water ;  again  agitates  with 
alcohol  containing  hydrochloric  acid, — and  so  forth,  till  the  liquid 
which  runs  off  no  longer  leaves  any  residue ;  then  removes  the 
adhering  acid  by  washing  with  alcohol,  and  dries  the  residue  on  glass 

plates.  The  product  thus  obtained  must  contain  arabin,  if  that  substance  was  pre- 
sent in  the  tragacanth.    (Kr.) 

Properties.  Colourless,  semitransparent,  difficultly  friable  gum; 
when  prepared  from  tragacanth,  it  forms  dirty  white  scales.  (Guerin- 
Varry.)  Inodorous  and  tasteless.  Permanent  in  the  air. — See  also 
Maschke  (/.  pr.  Chem.  76,  48). —  Not  digestible.  (Frerichs,  Handh,  Zoo- 
chem.  viii.  577.) 

Gtt^rin-Varry.  Schmidt.       Mnlder. 

mean,  mean, 

a.  b.  at  110».  at  130»-140% 

12  C 72     ....    44*44     ....    37*28     ....    35*79     44-86    ....     45*30 

10  H    ....     10    ....      617     ....      6-85    ....       7*11     6  20    ....      5-85 

10  O  ....  80  ....  49*39  ....  65*87  ....  57*10  4894  ....  4885 


C»2H»<>OW  162  ....  10000  ....  100*00  ....  100*00  100*00  ....  100*00 
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So,  according  to  Schmidt.  His  bassorin  still  kft  6'65  p.  c.  ash,  and  when  farther 
heated  to  170",  lost  5*22  p.  c.  water,  after  which  its  composition  agreed  with  the  formula 
C^^H^O^  —  a.  From  Bassora-gum;  b,  from  gum-tragacanth,  after  dedaction  of  ash 
Bt  C^^H^'O"  (Gu^rin-Varry).  Isomeric  with  arabic  and  metagummic  acids,  but  differs 
from  both  (Freroy,  N.  J.  Pharm,  37,  81).  According  to  Mulder,  it  U  C««H»*0»;  he 
is  of  opinion  that  Schmidt's  bassorin  was  most  perfectly  dried. 

Decompositions.  1.  Gum-tragacanth  dried  at  100°  in  a  current  of 
air,  becomes  yellowish  when  heated  to  140°,  loses  at  the  same  time 
1*73  p.  c.  of  its  weight,  and  at  150°  decomposes  with  stronger  colora- 
tion (Mulder,  tid.  tup.).  —  2.  Gum-tragacanth  yields  by  dn^  distillation 
carbonic  acid  and  combustible  gas,  pyromucic  acid  containing  a 
little  ammonia,  and  leaves  charcoal,  together  with  carbonate  of  lime 
and  a  small  quantity  of  phosphate.  (Cruikshank.)  —  3.  Tragacanth- 
mucilage  prepared  with  water  acquires,  after  standing  for  some 
weeks,  the  odour  of  sour  paste  and  butyric  acid.  (Gueiin-Varry.) 
—  4.  Bassorin  heated  with  nitric  acid  yields  22*6  p.  c.  mucic  acid 
and  a  small  quantity  of  oxalic  acid  (Gii^rin-Varry) ;  gum-tragacanth 
likewise  yields  mucic  (saccharic?)  acid,  and  oxalate  of  lime  (Scheele; 
Laugier,  Ann.  Chim.  72,  82.)  Strong  nitric  acid  converts  tragacanth  into 
xyloldin.  (Braconnot.)  It  causes  bassorin  to  swell  up  in  the  cold  and  when  heated 
with  it,  forms  a  solution  precipitable  by  alcohol ;  weak  nitric  acid  dissolves  bassorin  only 
when  heated,  forming  a  solution  precipitable  by  alcohol.    (Trommsdorff.) —  5.  Bas- 

sorin  is  not  altered  by  cold  oil  of  vitriol,  but  is  carbonised  when  heated 
with  it  (Guerin-Varry).  Tragacanth  is  carbonised  by  oil  of  vitriol, 
and  yields  traces  of  artificial  tannin.  (Hatchett.)  —  Dilute  sulphuric 
acid  dissolves  bassorin  on  boiling,  forming  a  crystallisable,  non-fer- 
mentable sugar  (Gue'rin- Varry),  together  with  a  gum  whose  aqueous 
solution  is  precipitated  by  alcohol  and  basic  acetate  of  lead.  Tra- 
gacanth swollen  in  cold  water  is  converted  into  a  mobile  liquid  by 
continued  heating  or  evaporation  with  dilute  sulphuric,  hydrochloric, 
or  oxalic  acid,  and  ultimately  dissolves  with  the  exception  of  a  few 
flocks ;  alcohol  added  to  the  filtrate  throws  down  a  white  gum 
whilst  glucose  remains  dissolved.  The  gum  contains,  on  the  average, 
44*26  p.  c.  C,  6'25  H.,  and  49*49  0.,  Schmidt.  —  6.  Bassorin  is  con- 
verted by  boiling  with  aqueous  alkalis,  into  a  soluble  gum,  which 
resembles  gum-arabic,  but  differs  from  it  in  the  precipitability  of  its 
solution  by  neutral  acetate  of  lead  (Fremy^  —  7.  Tragacanth-mucilage 
boiled  with  quicklime  turns  yellow  at  first,  but  becomes  colourless 
again  after  two  hom«,  whilst  the  precipitated  lime  appears  yellow; 
the  clear  liquid  contains  a  lime-salt  in  solution.    (Zeise.) 

Combinations.  Bassorin  is  insoluble  in  water,  even  at  the  boiling 
heat,  but  swells  up  to  a  jelly  when  immersed  in  it.  When  tragacanth 
.  is  softened  with  1000  or  1200  pts.  of  water,  and  the  dissolved  portion 
is  separated  from  the  swollen,  gummy  mass,  the  latter,  on  being 
mixed  with  a  large  quantity  of  water,  at  length  becomes  sufficiently 
mobile  to  run  through  the  filter  in  the  form  of  a  viscid  liquid,  eacli 
drop  extending  itself  into  a  thread  (Berzelius,  Lehrh.  8  Aufl.  6,  407). 
If  moist  bassorin,  which  has  not  been  previously  dried,  be  boiled  with 
water  for  two  hours,  it  forms  a  colourless  mobile  solution,  wliich,  when 
evaporated,  leaves  a  residue  only  partially  soluble  (Trommsdorff). 
According  to  some  statements,  tragacanth  yields  nothing  to  water ; 
according  to  others  it  yields  arabin  {vid.  sup.). 

Bassorin  dissolves  readily  in  hydrochloric  acid,   also  in  aqueous 
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ammoniay  and  remains,  unaltered  when  the  solvent  is  evaporated. 
(Trommsdorff). 

With  Oxide  of  Lead. — Tragacanth -jelly,  diluted  with  a  large  quan- 
tity of  water,  coagulates  with  basic  acetate  of  lead,  slightly  with  the 
neutral  acetate.  When  powdered  tragacanth  is  macerated  for  twenty- 
four  hours  with  cold  water,  the  liquid  strained  through  Hnen — only  a 
small  quantity  of  adventitious  matter  then  remaining  on  the  filter — 
then  precipitated  with  ammonia  and  neutral  acetate  of  lead,  and  the 
precipitate  washed  and  dried  at  100°,  the  product  a  is  obtained.  When 
uncomminuted  tragacanth  is  macerated  in  water  for  twenty-four  hours, 
the  clear  liquid  poured  off,  two  similar  extracts  prepared  from  the 
residue,  and  each  precipitated  with  basic  acetate  of  lead,  the  precipi- 
tates b,  c,  and  <?  are  obtained  (Mulder).  As  the  organic  substance  of 
all  these  precipitates  has  nearly  the  same  co&position,  Mulder  con- 
cludes that  tragacanth  does  not  contain  arabin,  but  only  a  certain 
constituent,  which,  according  to  him,  is  pectic  acid. 

Mulder. 


a. 

b. 

c. 

d. 

PbO 

51-38 

...•     oo'Al 

....     38-84 

....    47*34 

c 

17-49 

....     20-77 

....     27-22 

....    23-14 

H 

2-06 

2-50 

....       3-12 

....      2-78 

O 

29-07 

....     23-42 

....     30-82 

....     26-54 

100-00 

....  10000 

....  10000 

....  100-00 

Tragacanth- jelly  curdles  a  solution  of  bichloride  of  tin ;  according 
to  Bostock  it  forms  a  reddish  precipitate  with  mercuroua  rdtrate; 
according  to  Pfaff,  a  white  precipitate  with  both  mercurous  and  mercuric 
nitrate.    It  is  precipitated  by  alcohol. 


Vegetable  Mucilage. 

Ci«Hi»0»  or  C'*HW». 

Leo  Meter.    Berl,  Jahrb,  27,  2,  75. 

Gu^rin-Varry.    Ann.  Chim.  Phys.  49,  248;  Schw.  65^220;  N.  Tr.  26, 

2,  155 ;  abstr.  Pogg.  29,  50. 
Mulder.     J.pr.  Chem.  15,  293;  further,  87,  334. 
Schmidt.    Ann.  Pharm,  51,  29. 
NiiGELi  &  Cramer.  Pfkmzenphya.  Unter^uchungen,  ZUricb,  1855 ;  abstr. 

Phamh  Centr.  1855,  426. 

Gelin,  Mu<nt9i  VegetdHU»che  Gallertet  Pfianzetuchleim, — Chiefly  investigated 
by  Schmidt ;  formerly  confounded  by  Mulder  with  pectic  acid.  The  aubstances  here 
brought  together  nnder  the  name,  vegetable  mucilage,  exhibit  certain  direrBities  of 
character,  which  may  perhaps  render  it  necessary  to  subdivide  them.  Schmidt  likewise 
regards  tragacanth,  and  perhaps  therefore  bassorin  in  general,  as  vegetable  mucilage. 

Sources.  Doubtless  a  universally  diffused  constituent  of  plants. 
Described  and  examined,  as  obtained  from  the  following  parts  of 
plants :   Prom  the  roots  of  marsh-mallow  {Althcea  officinalis)^  the  tubers 
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of  various  species  of  Orchis  {Salep  mucilage). — Frpm  the  seeds  of  Plantago 
Psyllium  (flea-wort),  of  Linum,  of  various  species  of  Salvia  and  otlier 
Labiatm.  and  of  quinces.  —  From  the  bark  and  leaves  of  the  lime  and 
elm.  —  Fi'om  Sphcerococcus  a'ispus,  the  mucilage  forming  nearly  the 
entire  alga,  and  from  Fucus  saccharinua. 

On  manh-mallow  macilage,  see  also  Trommsdorff  (M  TV.  19,  1,  164);  on  the 
mucilage  of  ^ea-wort  seed,  Braconnot,  (/.  Chim.  m6d.  17,  513;  Reperi.  75,  190);  on 
linseed  mucilage,  Vauquelin  (Schw.  J.  9,  142)  on  elm  and  lime  mucilage,  Braconnot 
(iV.  Ann,  Chim.  Phyt,  17,  352);  on  the  mucilage  of  diseased  elms,  also  VauqueUn 
{Anm,  Chim.  21,  43).  —  On  the  mucilage  of  ^cim  taccAartntis,  Witting,  Jon.  {J.pr. 
Chem.  73,  138). 

Preparation.  The  undivided  seed  of  flax,  flea- wort,  or  quinces,  is 
macerated,  with  agitation,  in  cold  water ;  the  liquid  is  strained,  boiled 
up,  again  strained,  concentrated  in  the  water-bath  till  alcohol  preci- 
pitates tenacious  threads  from  it,  then  mixed  with  alcohol ;  and  the 
precipitate  is  strongly  pressed,  left  to  swell  up  to  a  certain  extent  in 
water,  and  agitated  with  alcohol  containing  hydrochloric  acid,  as  long 
as  lime-salts  are  thereby  removed.  (Schmidt,  Mulder.)  —  Eurlirr  state- 
ments about  vegetable  mucilage  relate  chiefly  to  the  decoction  of  certain  parts  of  plants 
evaporated  down,  or  exhausted  with  alcohol,  or  again  boiled  with  animal  charcoal. 

Properties.  After  drying  it  forms  a  horny  or  cartilaginous,  amor- 
phous, and  generally  colourless  mass.    Friable.    Neutral. 

Schmidt  Mulder. 

from  Linseed,    from  Quinces, 
at  100*»— 110*.  at  150-.        at  130*— 150'. 

12  C    ....     72     ....     44*44     ....     44-43  to  4496     4483 45*45 
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10  O    ....     80     ....     49-40  49-25     4848 
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NUgeli  &  Cramer. 
Jrom  Linseed.  from  Quinces. 

C 44-1&0    46-60 

H 6-03     6-11 

0 4907    47-29 

100-00     10000 

Schmidt's  and  Mulder's  analyses  give  the  composition  of  the  mucilage  after 
deducting  the  ash,  which,  in  Schmidt's  substance  amounted  to  0*415 — 1*39  p.c,  and 
in  Mulder's  to  2*04 — 4*25  p.c.  —  Schmidt  examined  mucilage  from  marsh-mallow, 
flea-wort,  Sphceroeoccus  crispus,  linseed,  and  quinces,  with  nearly  equal  results.  - — 
Mulder  gives  the  formula  C^H'^O^*,  and  supposes  that  Schmidt's  substances  were  not 
sufficiently  dried.  The  larger  amount  of  ash  in  Mulder's  substances  may  perhaps  be 
explained  by  the  smaller  amount  of  water  that  he  found.  For  Gucrin-Varry's  analysis, 
and  his  partly  unintelligible  statemenU,  sec  Ann.  Chim.  Phys.  49,  248. 

Decompositions.  1.  Linseed  mucilage  dried  at  100**  in  a  stream  of  air, 
loses  1*28  p.  c.  of  its  weight  when  gradually  heated  to  ISO"",  and  fdnns 
a  trace  of  acid;  when  further  heated  to  170°,  it  diminishes  in  weight 
by  1*03  p.  c.  more,  at  the  same  time,  however,  exhibiting  marks  of 
decomposition.  Quince  mucilage  loses  0*65  p.  c.  at  160°,  and  1*04  p.  c. 
more  at  170°.  The  mucilage  of  flea- wort  seed,  dried  at  110°,  loses 
5'8  p.  c.  at  175°  ;    quince-seed  mucilage  4*96  p,  c.     (Schmidt)  — 
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2.  Marsh-mallow  "mucilage  yields,  by  dry  distilhtiony  carbonic  acid 
and  carbiiretted  hydrogen,  a  distillate  of  empyreumatic  oil  and  acid 
water  (containing  ammonia)  and  a  residue  of  cnarcoal.  (Leo  Meier.)  — - 
8.  Vegetable  mucilage  boiled  with  dilute  acids  becomes  mobile  and  is 
resolved  into  gum  and  sugar.  Quince  mucilage  is  at  first  coagulated 
by  acids,  and  decomposed  after  a  few  hours ;  the  mucilage  of  flea- wort 
and  other  plants  is  more  easily  decomposed.  When  salep-tubers,  cut 
into  small  pieces,  are  left  to  sweU  up  in  water,  then  crashed  and  digested 
for  some  time  with  dilute  sulphuric  acid,  cellular  membrane  is  left 
behind,  and  the  filtered  liquid  contains  g^um  and  sugar.    (Schmidt.)^ — 

4.  Mucilage,  boiled,  with  nitnc  acidy  yields  oxalic  acid,  and, 
according  to  older  statements,  likewise  mucic  acid.  Marsh-maUow 
mucilage,  treated  with  nitric  acid,  yields  oxalic  acid  (Meier);  mucic 
acid  (Trommsdor^.  Flea-wort  mucilage  yields  oxalic  acid  and 
artificial  bitter,  without  mucic  acid.  (Braconnot.)  Linseed  mucilage, 
obtained  by  exhausting  the  seed  with  water,  and  evaporating  the 
extract,  is  decomposed  by  water  into  a  soluble  and  an 'insoluble 
portion,  the  latter  only  yielding  mucic  acid  with  nitric  acid. 
(Gu^rin-Vany.)  According  to  Vauquelin  and  Meier,  linseed  mucilage 
treated  with  nitric  acid,  yields  oxalic  acid,  artificial  bitter  and  mucic 
acid ;  according  to  Nageli  &  Cramer,  the  chief  products  are  oxalic 
acid,  and  a  crystalline  powder,  nearly  insoluble  in  (ulute  nitric  acid  and 
in  water,  moderately  soluble  in  aqueous  potash.  Quince  mucilage 
yields  with  nitric  acid  nothing  but  oxalic  acid  (Nageli  &  Cramer) ;  so 
likewise  elm-mucilage  (Braconnot).  —  With  strong  nitric  acid,  finseed- 
mucilage  yields  a  small  quantity  of  xylo'idin.  (Braconnot.)  —  Vege- 
table mucilages  heated  with  nitrosulphuric  acid  yield  a  detonating 
product.    (Nageli  &  Cramer.) 

5.  Vegetable  mucilage  heated  with  oil  of  vitriol  is  charred,  with 
evolution  of  sulphurous  acid.  (Meier.)  Quince-mucilage  treated  with 
oil  of  vitriol  is  coloured  blue  by  iodine  (Kiitzing,  Nageli  &  Cramer), 
and  splendid  red  after  a  few  days  by  biniodide  of  zine.  (NageU  & 
Cramer.) 

6.  Elm-mucilage  thickened  by  potash-ley,  becomes  fluid  again  on 
boiling,  and  is  converted  into  gum.  (Braconnot.) — 7.  Mucilage  is 
decomposed  by  digestion  with  wheat-glutin  in  the  same  manner  as  by 
dilute  acids.  (Schmidt.)  It  is  not  altered  by  saliva,  gastric  juice,  bile, 
OT  pancreatic  juice.     (Frerichs,  Handb.  viii.  Zoockem,  577.) 

Vegetable  mucilage  swells  up  strongly  when  water  is  poured  upon 
it,  but,  according  to  Nageli  &  Cramer,  it  does  not  form  a  true  solution. 
The  resulting  jelly  is  impervious  to  alcohol,  ether,  and  oils  both  fixed  and 
volatile.  Dry  Unseed  mucilage  is  but  partially  soluble  in  water.  Quince - 
mucilage  also  does  not  dissolve  in  water,  either  cold  or  hot,  during 
washing,  if  it  has  been  precipitated  from  its  aqueous  solution  by  acids. 
(Schmidt.)  The  aqueous  solution  of  some  vegetable  mucilages  solidi- 
fies in  a  gelatinous  mass ;  that  of  others  does  not.  On  the  swelling  power 
of  quince-mucilage,  lee  Nageli  &  Cramer. 

The  aqueous  solution  of  flea- wort  mucilage  is  not  altered  by  dilute 
acids,  but  quince  mucilage  is  coagulated  by  ociiis,  alkalis,  and  many 
salts,  (Schmidt).  Prom  the  muoilage  of  Fucus  saccharinus,  nitric  acid 
and  dilute  sulphuric  acid  separate  white  flocks.  (Watting,  J,  pr,  Chem. 
73,  138).  — Iodine  colours  vegetable  mucilage  greenish  yellow. 

p  2 
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Baryta-water  coagulates  marsli-mallow  mucilage  (Trommsdorff, 
flea-wort  mucilage  (BraconnotV  elm  mucilage  (Berzelius).  Lime-water 
acts  in  a  similar  manner.  Salep  mucilage  boiled  with  weak  potash- 
ley  forms  a  clear  jelly  after  addition  of  a  small  quantity  of  chloride  of 
calcium.  (Schmidt.)  Vegetable  mucilage  is  not  thickened  by  borax 
(Schiller,  Berl  JaJirh.  1808,  186,  and  others). 

Vegetable  mucilage  is  not  precipitated,  at  least  not  completely,  by 
neutral  acetate  of  lead ;  but  the  basic  acetate  produces  complete  pre- 
cipitation. See  Mulder's  analysis  of  the  lead  precipitates.  (/.  pr,  Chem.  15,  293.) 
The  mucilage  of  Fucua  sacckarinus  is  precipitated  by  neutral  acetate  ox 
lead.  (Witting). 

Vegetable  mucilage  is  not  altered  by  cvpric  or  ferric  sulphate. 

It  is  insoluble  in  alcohol^  and  is  precipitated  from  its  aqueous  solu* 
tion  by  tincture  of  galls. 


Saccharotdal  Substances  C"H"0". 

Finite. 

CtagnQw  or  C^BP*0*». 

Berthelot  (1855).    N.  Ann.  Chim.  Phys/AG^  76  ;  Compt.  rend.  41,  392 ; 

J.  pr.  Chem.  67,  233 ;  Chem.  centr.  1855,  699.  —  Chim.  org.  Paris 

1860,  2,  213. 
Johnson.     Sill.  Am.  J.  [2],  22,  6 ;  J.  pr.  Chem.  70,  245 ;  N.  Br.  Arch. 

93,  54 ;  Chem.  Centr.  1856,  765. 

Pine^migar;  Fiehtenzueker. 

Occurrence.  In  the  sap  of  the  Pinus  lambet*tina  of  California.  This 
liquid  exudes  from  the  stems,  collects  in  cavities  made  with  fire  at 
the  bottom  of  the  stems,  and  hardens  into  roundish  masses.  (Ber- 
thelot.) 

Preparation.  From  the  crude  hardened  juice : — 1.  By  dissolving  it 
in  water,  decolorising  the  solution  witli  animal  charcoal,  leaving  the 
filtered  liquid  to  evaporate,  and  recrystallising  from  cold  water.  The 
crystals  d!o  not  separate  till  the  solution  has  stood  for  several  weeks, 
and  thev  are  slow  of  growth.  (Berthelot). — 2.  The  hot  alcoholic  solu- 
tion is  decolorised  with  aniiilal  charcoal  and  mixed  with  ether  till  tur- 
bidity ensues.  After  a  few  hours  crystals  appear,  which  may  be 
purified  by  rccrystallisation.  (Johnson.) 

Propei-ties.  Hard  colourless,  radiate  nodules,  consisting  of  micro- 
scopic, imperfectly  developed  crystals.  Melts  above  150°.  In  vacuo, 
near  the  boiling  point  of  mercury,  it  forms  white  fumes  without  dis- 
tilling. Its  taste  is  almost  as  sweet  as  that  of  sugar-candy. 
Sp.  gr.  1-53.  Rotatory  power  [a]y  =  58*6'*  to  the  right.  Neutral. 
(Berthelot.) 
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Bcrthelot.     Johnson. 

12  C  72    ....     43-9     ....     43-5     ....     4275 

12  H 12     ....       7-3    ....       7-5     ....       740 

10  O „ 80     ....    48-8     ....     490     ....    49*85 

C"H«0»« 164    ....  iOO-0    ....  100  0    ....  10000 

Decompositions.  1.  Finite  heated  above  150**  gives  off  empyrcu- 
matic  water ;  at  250°  it  is  partly  converted  into  a  black  insoluble 
mass,  but  it  is  only  at  a  higher  temperature  that  complete  decom- 
position takes  place,  an  odour  of  caramel  being  emitted,  and  tarry 
products  distillmg  over.  —  2.  Heated  on  platinum  foil,  it  chars  and  burns 
away  completely.  —  3.  Hot  nitric  acid  decomposes  it,  with  formation 
of  nitro-compoun'ds,  and  a  small  quantity  of  oxalic  acid.  —  4.  Finite 
blackens  when  oil  of  vitriol  is  quickly  poured  upon  it,  but  dissolves  if 
gradually  brought  in  contact  with  the  acid  at  a  moderate  heat, 
apparently  forming  pinisulphuric  acid,  the  soluble  lime-salt  of  which 
decomposes  when  its  solution  is  evaporated. -— 2>i7ti/«  sulphuric  acid 
does  not  affect  pinite  even  at  the  boiUng  heat.  —  5.  Heated  with 
tartaric  acid  to  100° — 120®  in  sealed  tubes  for  five  hours,  it  yields 
pinitartaric  acid;  with  benzoic  acid  at  200°  —  250°,  it  yields  benzo- 
pinite ;  with  steanc  acid  at  200°  —  250%  stearo-pinite. — 6.  When  its 
concentrated  aqueous  solution  is  brought  in  contact  with  biniodide 
of  pJiosphorvs,  it  becomes  partially  carbonised,  and  yields  a  volatile, 
strongly  refracting  oil,  smelhng  of  acetone,  carbolic  acid,  and 
salicylous  acid.  —  7.  When  very  strongly  heated  with  lumps  of  potash 
or  with  lime,  it  is  decomposed  with  evolution  of  acrid  fumes.  —  8.  It 
.  reduces  the  hot  aqueous  solution  of  nitrate  of  argentammonia.  Finite  is 
not  altered  by  aqueou9  potath,  ammonia  or  baryta,  by  potaniO'CUprie  tartrate  or 
tetquichloride  of  iron.    It  does  not  ferment  with  yeatt. 

m 

Combinations,  Finite  is  very  soluble  in  water.  It  dissolves  abun- 
dantly in  fuming  hydrochloric  acidj  and  crystallises  somewhat  coloured  on 
cooling. 

The  aqueous  solution  of  pinite  dissolves  lime  more  freely  than  pure 
water. 

Lead-compound. — From  a  concentrated  aqueous  solution  of  pmite, 
ammoniacal  sifgar  of  lead  throws  down  a  white,  curdv,  very  flocculent 
precipitate,  which  when  recently  precipitated  dissolves  in  a  larger 
quantity  of  cold  water,  but  is  only  partially  dissolved,  and  decomposed 
at  the  same  time,  by  boiling  water. 

*  At  100*  tn  vacuo.  Berthelot. 

12  C  72  ....  11-8  ....  12-5 

12  H 12  ...  2-0  ....  2-1 

10  0 80  ....  13-1  ....  12-6 

4  PbO 446-8  ....  73-1  ....  72*8 

C»H»0'»,4PbO  610-8    ....  100-0    ...  1000 

Aqueous  pinite  dissolves  neutral  acetate  of  lead. 

Finite  is  nearly  insoluble  in  absolute  alcohol,  slightly  soluble  hi  boil- 
ing alcohol  of  ordinary  strength.  (Berthelot.)  —  Soluble  in  boiling  alcohol 
(Johnson).  —  Insoluble  in  cWt>ro/(?nn.^Berthelot.) 
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Conjugated  Compownds  of  Pinite. 

Pini-tartaric  Acid. 

C«H«Ow  or  C»ff"0». 

BEKTHELOTt    (1857.)    N".  Ann,  Chtm,  Phys.  54,  84 ;  abstr.  Compt,  rend, 
45,  268 ;  Chem,  Gaz.  1857,  441 ;  J.  pr.  Chem.  73,  159. 

Pinit'tartertdure,    Aeide  jHnitartripte, 

Formed,  like  dulci-tartaric  acid,  from  1  at.  pinite  and  3  at.  tartaric 
acid. 

C»H«0»  +  3(C8H«0»)  -  6H0  -  C»H»0M  (Barthclot). 
Lime-salL — Gives  off  16*8  p.  c  water  at  100^ 

at  100^  Berthdot. 

60  C 360  ....  30-5  ....  29*6 

42  H    42  ....  8-5  ....  3*6 

76  0 608  ....  61-7  ....  510 

6CaO    168  ....  14-3  ....  158 

0»H»Ca>0^,12H0  1178    ....  1000    ....  1000 


Benzo-pinite. 

Berthelot.      Chimie  orgamgttey   Paris,    1860,   2,   206. —  Compt,  rend, 
41, 452. 

A.  Mom-acid,  —  Finite  monohenzoique.  —  C*^H^". 

Pinite  is  heated  with  benzoic  acid  in  a  sealed  tube  for  some  hours 
to  200° — 250°  ;  the  excess  of  benzoic  acid  is  saturate(>with  aqueous 
carbonate  of  potash  and  finally  with  a  small  lump  of  solid  caustic  pot- 
ash ;  the  liquid  is  mixed  with  an  equal  quantity  of  ether ;  and  the 
supernatant  ethereal  solution  is  decanted,  after  standing  quietly  for  a 
while,  then  treated  with  bone-black,  and  evaporated,  first  over  the 
water-bath,  afterwards  in  a  strongly  heated  sand-bath  \ 

2CMHBCH  +  C>3H»OW  =  C«H»0"  +  4HO. 

Solid  resin.  Neutral.  Hydrochloric  acid  gas  passed  through  its 
solution  in  absolute  alcohol  resolves  it  into  benzoate  of  ethyl  and 
slowly  crystalUsing  pinite.  By  lime  at  100°,  it  is  slowly  converted 
into  pinite  and  benzoate  of  lime. — Insoluble  in  water, —  Soluble  in 
absolute  alcohol  and  in  ether,     (Berthelot). 

B.  Bi-add,  —  Finite  dibenzoique.  —  C^^H^O"*. 

Monobenzo-pinite  is  heated  t(^00°— 250°  with  benzoic  acid,  and 
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the  product  is  freod  from  excess  of  benzoic  add  in  the  same  manner 
as  A: 

4C"HW  +  C»«H«OW  »  C«H»0»  +  4Hq. 

Solid.    Neutral.    Insoluble  in  water.    Soluble  in  ether.    (Berthelot.) 


Quercite. 

C»*H«0«»  or  C"n"Oi<>. 

Bbaconnot.     (1849.)    N.  Ann.    Chm.   Phys.  27,   392 ;   J.  pr.  Chem. 

49,  232  ;  Fharm.  Centr.  1850,  92. 
Dessaignes.     Compt.  rend.  33,  308  and  462 ;  Ann.  Pharm.  81,  103  and 

251 ;  Pharm.  Centr.  1861,  746  and  959. 

Sugar  of  Acomt.  —  The  name  quercin  was  given  by  Scattergood  (Repert.  34, 146) 
to  crysUls  frdm  Querew  faleata:  bj  Gerber  {N.  Br.  Arch,  34,  167)  to  crjstaU  from 
oak- bark,  the  nature  of  which  was  not  determined. 

Discovered  by  Braoonnot  in  the  frait  of  QMerew  racemoia  and  Q.  seniii/iora 
(Handb.  nil,,  Pkytoehem.  77);  recognised  a«  a  peculiar  Bnbstance,  and  investigated  by 
Dessaignes. 

Preparation.  The  aqueous  extract  of  bruised  acorns  is  freed  from 
dissolved  tannic  acid  by  heating  it  with  limo ;  the  filtrate  is  left  to 
ferment  with  yeast,  to  remove  the  fermentable  sugar,  which  hinders 
the  separation  of  the  quercite ;  the  liquid,  after  filtration,  is  evaporated 
to  a  syrup,  and  the  crystals,  which  separate  from  it  after  a  while,  are 
washed  with  cold  alcohol,  and  recrystallised  from  water  or  weak  spirit. 
(Dessaignes,  N.  J.  Pharm.  251,  30.) 

Properties.  Hard  crystals,  grating  between  the  teeth,  permanent 
in  the  air.  They  belong  to  the  obUque  prismatic  system.  Rhombic 
prism  u.  (fig.  99),  having  the  obtuse  edge  truncated  by  t  (fig.  97) ; 
above,  it  has  also  the  oblique  end-face  i^  and  below,  the  face/ (/J^r.  94), 
and  the  oblique  prism  a.  The  faces  u  are  vertically  striated.  The 
faces  are  unequally  developed,  w  :  w  in  front  =  106°  30' ;  u  :  t  =:  143° 
15';  <  :  t  =  IIP  3';  t:f=  122°  40';  i  :/ behind  =  126°  17',  by  cal- 
culation, =  126°  B8'  (nearly)  by  observation ;  a  :  a  over  t  =  108°  52' 
by  calculation,  =  109°  5'  by  observation ;  a  :  i  =  144°  26'  by  calcu- 
lation, =  144°  28'  by  obser^^ation ;  u  :  i  =.  106°  44'  by  calculation,  = 
106°  15'-50'  by  observation  ;  m  :/=  115°  37'  by  calculation,  =  115 
15'  (nearly)  by  observation  (Senarmont,  RammeUherg^s  Handbuch^  224). 
—  Permanent  at  215°,  melts  at  235°,  and  partly  sublimes,  a  small 
portion  of  the  residue  becoming  carbonised.    (Dessaignes.) 

Dessaignes. 
a.  b. 

24  C   144     ....     43*90    ....     43-74     ....     4369 

24  H  24     ....       7»31     ....       753     ....       7-71 

20  O  160     ....     -48-79     ....     48*73     ....     48-60 

C«H«0»  328     ....  10000     ....  10000     ....  10000    • 

a.  From  nitroquerdte  (Dessaignes). 


o 
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Decompositions,  1.  Converted  by  hot  nitiHc  acid  into  oxalic  acid,  not 
into  mucic  acid  (Braconnot,  Dessaignos). —  2.  Triturated  ^vith  oil  of 
vitriol^  it  forms  a  colourless  solution  containing  a  conjugated  acid,  wlioso 
lime-salt  does  not  crystallise.  —  3.  Nitrosulphuric  add  converts  it  into 

nitroquercite.  (Dessaignes.)  .  Nitroqixercite  is  a  white  amorphous  resin,  in- 
soluble in  water,  soluble  in  hot  alcohol;  treated  in  alcoholic  solution  with  sulphnretted 
hydrogen,  it  is  reduced  to  quercite,  with  separation  of  sulphur.  (Dessaij^nes,  Compt. 
rend.  38,  462  ;  Ann.  Pharm,  81,  251.) — Heated  with  tartaric  acid,  it  forms 
quercitartaric  acid  (Berthelot,  Compt,  rend.  45,  268);  with  benzoic  and 
stearic  acids,  it  forms  benzo-quercite  and  stearo-quercite.  (Berthelot, 
Chim.  org.  2,  209.) 

Not  altered  by  boiling  potash-ley,  or  by  cupraoetate  of  potash ;  does  not  ferment 
with  yeast  or  with  cheese  (Dessaignes). 

Combinations.  Soluble  in  from  8  to  10  pts.  of  cold  water.  Aqueous 
quercite  dissolves  a  small  quantity  of  lime. 

With  JBarifta.— When  2  at.  quercite  (C**II«*0*^  =  1  at.)  and  4  at. 
baryta  are  dissolved  together  in  water,  a  large  quantity  of  hydrate  of 
baryta  ciystallises  out  on  cooling,  and  an  additional  quantity  on  addition 
of  alcohol ;  after  the  removal  of  this  deposit,  there  remauis  a  g^ummy 
solution  which  does  not  crystallise  in  vacuo. —  After  drying  in  vacuo, 
it  contains  29*41  p.  c.  baryta  and  gives  off  5*92  p.  c.  water  at  150% 
and  is  probably  therefore  C**H*«0^2BaO  +  4H0  (calc.  29-59  p.  c 
BaO,  6'96  p.  c.  HO).    (Dessaignes.) 

From  a  warm  solution  of  basic  acetate  of  lead  mixed  with  ammonia, 
aqueous  quercite  throws  down  a  copious  white  precipitate,  which  also 
docs  not  become  crystalline  on  cooling.    (Dessaignes.) 

Quercite  dissolves  in  hot  weak  spirit. 


Conjugated  Compounds  of  Quercite. 

Qnerci-tartaiic  Acid. 

C«H»0»*  =  C«H"0*^. 

Berthelot.  (1857.)  lY.  Ann.  Chim.  Phys.  54,  82  ;  abstr.  Compt.  rend. 
45,  268  ;  N.  J.  Pharm.  33,  95 ;  Ckem.  Qaz.  1857,  441 ;  J.  pr.  Chem. 
73,  159. 

Obtained,  like  dulci-tartaric  acid,  from  quercite  and  tartaric  acid. 

CMRJ^QW  +  4C8H«0»  =  C«H»0"  +  4H0. 

Quercitartrate  of  Lime  gives  off  16*1  p.  c.  water  at  110°.    (Ber- 
thelot.) ^ 

« 

fl'  100*.  Berthelot. 

^4C ^ 264  ....  30  0  ....    31-0 

30  H    30  ....  3.4  _      3.9 

52  0 416  ....  47-4  ....     47-3 

•            C  CaO IC8  ....  192  ....     17-8 

C«lI=«Ca«0*^4U0 878     ....  1000    ....  1000 
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Benzo-quercite. 

Bektuelot.     Chim.  org,^  Paris,  1860,  2,  220.  —  Compt,  rend.  44,  452. 

Benz6e$anre•Q^erc^t,  Benzoesaur^'Q^iiereiUsier  ;  Q^erdte  benzoique. — 

Prepared,  like  monobenzo-pinite,  by  heating  quercite  with  benzoic 
acid  for  several  hours,  in  sealed  tubes,  to  about  200°.  —  Solid, 
neutral.  —  Dissolved  in  absolute  alcohol  and  treated  with  hjdrochlonc 
acid  (/as,  it  is  resolved  into  quercite  and  benzoate  of  ethyl.  —  Insoluble 
in  ufatCTj  soluble  in  ether.    (Berthelot.) 

Carho-hydrates  C"ffK)*». 

Blilk-sugar. 

(?*H»0«  or  C"H"0". 

LiOHTENSTEiK.    (1772.)    Ahhondl.  vom  MikhzucJcer.  Braunschw.  1772. 

Cruikshakk.     Scher.  J.  3,  293. 

Hebmbstadt.     Crell.  N.  Enid.  5,  31. 

Bouillok-Lagrakge  &  VoGEL.     J.  Phys.  72,   208 ;   Schw.  2,  842  j 

GUh.  42,  135. 
Berzelius.    Ann.  Chim.  95,  G7. 
Baukank.     N.  Br.  Arch.  37,  47. 
Hagen.    Pogg.  71,  632  ;  J.  pr.  Chem.  42,  470. 
A.  Bensch.     Ann,  Pharm,  61,  221. 
Poggiale.     Compt.  rend.  28,  505  ;  N.  J.  Pharm.  15,  413 ;  J.pr.  Chem. 

47,  13 ;  7.  Chim  mei  25,  364. 
Brendecke.    N.  Br.  Arch.  78,  88. 
Krause  &  Stadeler.    Mitth.  d.  naiurf.  Geselhch.  in  Zurich^  1854,  473 ; 

Chem.     Gaz.   1855,    67 ;    Pharm.    Cenir.   1854,  936 ;    Lieb.  Kopp. 

Jahresber.  1854,  746. 
A.  LiEBEN.     Wien.   Akad.  Ber.  18,   180 ;    Chem.   Centr.   1856,   567 ; 

J.  pr.  Chem.  68,  407. 
Pasteur.     Compt.  rend.  42,  347 ;  Chem.  Centr.  1856,  253 ;  Inst.  1856, 

91 ;  J.  pr.  Chem  68,  427. 
DuBRUNPAUT.     Compt.  rend.  42,  228;    Chem.  Centr.  1856,  233;   Inst.         # 

1856,  61 ;  J.  pr.  Chem.  68,  422. 
LuBOLDT.     J.  pr.  Chem*  11  y  282 ;  abstr.  Bep.  Chim.  pure^  2,  41 ;  N.  J. 

Pharm.  36,  306. 

Lactin  (Pasteur).  Laeiote  (Dumas),  byt  different  from  the  lactose  of  Pasteur 
{tfid.  in/,).  —  Originally  prepared  by  Fabrizio  Bartholetti,  in  161 9j  from  wbey«  thence 
called  Manna  or  Nitrum  seri  laciU  and  afterwards  by  Bergmann,  Oalactieum  BarthoUtti. 
llecom mended  as  a  medicine  by  Ludovico  Test!  in  1698. 

Source.  In  the  milk  of  mammalia.  Accordmg  to  Dnmas  {Conqtt.  rend, 
21,  707)  it  is  not  found  in  the  milk  of  camivora,  excepting  after  they  haye  taken  food 
containing  starch  or  sugar ;  this  statement  is  however  contradicted  by  Bensch.  Cream 
contains  a  smaller  proportion    of  laetin  than  the  milk  from  which  it  is  obtained. 
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(Hoppe,  Virehow*s  Arch,  17»  417.)  On  the  quantity  of  milk-sugar  in  milk,  see 
Handb,  viii,  Zoochem.  260 ;  on  the  determination  of  milk-sngar,  ibid,  253  et  aeq. ; 
on  methods  of  estimation  by  the  optical  rotatory  power,  [see  Poggiale  ( Compt.  rend. 
28,  584;  Ann,  Pharm,  52,  116). 

The  white  of  hens'  eggs  during  incubation  contains  milk-sngar,  according  to 
Winckler  (Repert.  92,  46 ;  Chem.  Oaz,  90,  280)  ;  not,  according  to  Lehmann^  Handb. 
viii,  Zoochem.  285).  Brande  thinks  he  has  found  lactin  in  chyle,  {ibid.  221). 
Braconnot*s  lactin  of  acorns  is  quercite  (p.  214). — According  to  Simon  (Die 
Frauenmilch,  Berlin  1838  ;  abstr.  Berzelius  Jahresber,  19,  714),  the  sugar  of  human 
milk  has  a  sweeter  taste  than  ordinary  milk-sugar,  is  leas  furible,  and  yields  with 
nitric  acid  a  smaller  quantity  of  mucic  add ;  in  other  respects  it  resembles  ordinary  milk- 
sugar. 

Preparation.  Milk  kept  in  contact  with  rennet  for  the  preparation 
of  cheese  coagulates,  with  separation  of  whey-cheese.  The  whey 
separated  therefrom,  if  evaporated  to  the  consistence  of  honey,  yields, 
after  standing  for  some  time  in  a  cool  place,  a  crystalline  deposit  of 
milk-sugar,  which  may  be  purified  by  repeated  solution  in  water, 
.  clarification  and  crystallisation,  finally  (according  to  Stadeler  &  Krause) 
by  repeatedly  precipitsrting  the  aqueous  solution  with  alcohol. 

For  the  detection  of  milk-sugar,  milk,  diluted  with  3  pts.  water,  is 
heated  to  boiling  with  a  few  drops  of  acetic  acid ;  the  Hquid  is  filtered ; 
the  filtrate  mixed  with  carbonate  of  magnesia  and  evaporated ;  the 
dry  residue  treated  with  alcohol  to  remove  all  matters  soluble  therein ; 
and  the  undissolved  portion  exhausted  with  hot  water :  on  evaporating 
this  last-mentioned  feolution  to  a  syrup,  the  milk-sugar  crystallises  out. 

Properties.    See  Hydraied  milk-euffar.    Crystallised  milk-sugar,  heated 
continuously  to  140° — 145°,  is  converted,  with  loss  of  1  at.  water,  into 
.  anhydrous  milk-sugar.     (Stadeler  &  Blrause.)    Dextro-rotatory  power 
[a]  J  =  59-3°  (Bcrthelot),  =  60*  28  (Biot,  Compt.  rend.  42,  349). 

at  140*— 150^  Stadeler  &  Krause.  Liebem 

12  C 72  ....  42-11  41-95  41-87 

11  H 11  ....   6-43  6-51  6-63 

11  0 88     ....     51-46  51-54     ,.     51-60 

CUH"0" 171     ....  100-00    .•  100-00    10000 

So  according  to  Stftdeler  &  Krause.  Earlier  formulBe  for  (crystallised)  milk-sugar  : 
CiOH80«  (Berzelius),  Om^O^  (Licbig).  C2*HWOW,5HO  or  C^W0O^,2UO,  according 
to  others.  Berzelius  regarded  milk-sugar  fused  with  loss  of  10  p.c.  water  as  anhydrous. 

Decompositions.  1.  Milk-sugar  dried  at  150°  acquires  a  yellow  colour 
at  160^  emits  an  odour  of  caramel  (Stadeler  &  Krause),  and  diminishes 
slightly  in  weight.  Heated  to  ITS'',  or  above,  it  is  partly  converted, 
with  loss  of  weight  (amounting  to  13  p.c.  of  the  crystallised  sub- 
stance), into  a  mixture  of  lacto-caramel  and  a  substance  insoluble  in 
water  which  then  melts  at  203*5°.     (Lieben.) 

Crystallised  milk-sugar  when  carefully  heated,  melts,  gives  off 
12  p.  c.  water,  and  solidifies  on  cooling  to  a  crystalline  mass,  which, 
Avhcn  dissolved  in  water,  regains  the  water  of  crystalHsation  that  it  had 
lost.  (Berzehus.)  When  melted,  it  gives  off  13*3  p..c.  water  and 
loaves  a  brown  mass.  (Vauquelin,  Bull.  Pharm.  3,  49.)  Milk-sugar 
when  roasted,  becomes  brown  and  tough,  and  is  converted  into  a  mix- 
ture of  i  saccharic  acid  and  f  giun  (Schill,  Ann.  Pharm.  31,  152),  iuto 
caramel.  (VauqueUn.)  The  brown  produfct  fonned  by  heating  milk- 
sugar  yields  mucic  acid  with  nitric  acid,  the  same  as  unaltered  milk- 
sugar,    (G^lis,  iV.  Ann.  Ckim.  Pkys.  52,  355.) 
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2.  Milk-sugar  yields,  by  dry  distilkuion,  carbonic  acid  and  combus- 
tible gases,  aqueous  acetic  acid,  empyreumatic  oil,  and  charcoal. 
(Cruikshank.) —  The  acid  watery  distillate  amounts  to  61  p.  c,  is  less 
mobile  than  that  obtained  from  cane-sugar,  and  more  abundantly  pre- 
cipitated by  alcohol.  (Vauquelin.)  —  3.  Milk-sugar  heated  in  the  open 
fircj  swells  up,  becomes  brown  and  tenacious,  gives  off  the  odour  of 
burnt  sugar,  and  bums  with  a  white  flame,  leaving  a  large  quantity  of 
charcoal.    (Bouillon  &  Vogel.) 

4.  When  oxygen  gets  is  passed  over  milk-sugar  mixed  with  spongy 
platinum,  the  inilk-sugar  is  completely  resolved  into  carbonic  acid  and 
water.  (Reiset  &  Miflon,  N.  Ann,  Chim.  Phys.  8,  285.)  Milk-sugar  is 
not  altered  by  ozone,    (Gorup-Besanez,  Ann,  Pharm,  110,  86.) 

5.  The  aqueous  solution  of  milk-sugar  heated  in  a  sealed  tube' 
turns  yellow  and  finally  dark  brown,  and  if  afterwards  left  to  evaporate, 
leaves  an  acid  deUquescent  syrup,  which  does  not  crystallise  even 
after  several  months.  The  decomposition  takes  place  slowly  at  100% 
more  quickly  at  130°;  between  105°  and  110°  it  takes  place,  even  if 
the  air  is  completely  excluded  and  replaced  by  hydrogen.  If  the  air 
has  access,  oxygen  is  absorbed,  and  (a  smaller  volume  of)  car- 
bonic acid  is  evolved.  (P.  Hoppe,  Chem,  Centr,  1860,  54.)  Vohl  (Ann. 
Pharm.  105,  334)  found  that  when  a  concentrated  solution  of  milk- 
sugar  was  heated  in  a  sealed  tube  to  nearly  200°  and  then  left  to  cool, 
the  brown  liquid  no  longer  yielded  with  alcohol  a  precipitate  of  milk- 
sugar,  but  when  mixed  with  a  larger  quantity  of  alcohol,  it  deposited 
crystals  of  grape-sugar  [lactose  f ].  —  A  concentrated  solution  of 
milk-sugar  remains  unaltered  at  ordinary  temperatures  if  the  air 
is  excluded ;  but  if  exposed  to  the  air,  it  turns  acid  in  the  course  of  a 
year  and  yields  grape-sugar.    (Lieben.) 

6.  Milk-sugar  distilled  with  bichromate  of  potash  and  sulphuric  acid 
yields  aldehyde.    (Guckelberger,  Ann,  Pharm,  64,  98.) 

7.  Aqueous  milk-sugar  distilled  with  iodiM  and  bicarbonate  of 
potash,  yields  iodoform  (Millon,  Compt,  rend,  21,  828;  J,  pr,  Chem.  37, 
53).  —  la.  When  a  mixture  of  1  at.  milk-sugar,  4  at.  bromine,  and  water 
is  heated  to  100°  in  a  sealed  tube,  the  liquid  becomes  colourless,  and, 
on  opening  the  tube,  carbonic  acid  and  hydro-bromic  acid  escape,  with 
the  odour  of  bromide  of  ethyl.  The  residual  brominated  prodiict  is 
strongly  acid,  decomposes  with  evolution  of  bromine  when  heated,  and 
cannot  be  obtained  pure.  When  recently  precipitated  oxide  of  silver  is 
added  to  it,  till  the  acid  reaction  disappears,  and  the  liquid  is  then 
filtered,  a  solution  free  from  bromine  is  obtained,  containing  a  silver 
salt,  which,  when  freed  from  silver  by  sulphuretted  hydrogen  and 
cvaj)orated,  leaves  an  acid  syrup.  This  acid  forms,  with  ammonia,  a 
salt  which  crystallises  well  and  is  precipitated  by  basic  acetate  of  lead, 
—with  other  bases,  it  forms  uncrystallisable  salts.  (Illasiwetz,  Ann, 
Pharm,  119,  281.)  The  acid  here  formed  is  isobigly  colethylenic  acid. 
(Barth  &  Hlasiwetz,  Ann,  Pharm,  122,  96 ;  —•see  below  p.  232.)  7  h.  In 
chlorim  gas  milk-sugar  turns  red  and  afterwards  black,  giving  off 
hydrochloric  and  carbonic  acids.  From  the  aqueous  solution  of  the 
residue,  alcohol  precipitates  unaltered  milk-sugar.  By  passing  chlorine 
gas  through  a  warm  concentrated  aqueous  solution  of  milk-sugar,  a 
liquid  containing  hydrochloric  acid  is  obtained,  which  deposits  crystals, 


^ 
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having  the  appearance  of  milk-sngar,  but  an  acid  reaction.    (Bouillon 
&  Vogel.) 


[  8.  With  strong  niiric  acidy  milk-sugar  fonns,  not  xyloidin,  but  a 

very  bitter  substance  (Braconnot).  —  Heated  with  many  times  its 
weight  of  moderately  dilute  nitric  acid,  it  is  decomposed,  witn  formation 

.  of  mucic,  saccharic,  tartaric,  oxaHc  and  carbonic  acids,  and  the  decompo- 

'  sition-products  of  nitric  acid. 

'  When  1  pt.  of  milk-sugar  is  heated  with  2^  pts.  nitric  acid  of  sp. 

gr.  1*32  and  2^  pts.  water  till  it  dissolves,  carbonic  acid  is  briskly 
evolved,  together  with  the  dccomposition-products  of  nitric  acid,  and 
if  the  heating  be  continued,  mucic  acid  separates.  The  mother-liquor, 
after  the  addition  of  ^  of  the  quantity  of  nitric  acid  used  at  the  com- 
mencement,  gentle  boiling,  and  concentration,  yields  an  additional 
quantity  of  mucic  add,  the  total  quantity  amounting  to  \  of  the 
weight  of  the  milk-sugar.  The  remaining  mother-liquors  and  wash- 
waters  boiled,  with  frequent  addition  of  nitric  acid,  as  long  as  samples 
taken  out  turn  brown  when  supersaturated  with  potash-ley,  contain 
tartaric  acid  (probably  formed  by  decomposition  of  the  saccharic  acid : 
Liebig\  also  oxalic  acid  and  a  small  quantity  of  saccharic  acid,  which 
last  is  present  in  greatest  quantity  immediately  after  tlie  separation 
of  the  mucic  acid.  (Liebig,  Ann,  Fharm.  113,  I.)  The  tartaric  acid 
appears  to  exist  in  the  nitric  acid  solution  as  metatartaric  acid  (x.  327), 
and  only  afterwards  to  be  converted  into  crystallisable  tartaric  acid. 
(Erdmann,  J,  pr,  Chem.  79,   135.)    The  mucic  acid  is  produced  in 

^  greatest  quantity  when  dilute  nitric  add  is  used  and  the  liquid  is  not 

very  strongly  heated,  whereas  carbonic  and  oxalic  acid  are  produced 
in  proportion  as  the  mucic  acid  diminishes.  (Liebig,  Pogg,  -31,  349.) 
When  nitric  acid  containing  hydrochloric  add  is  heated  with  milk- 
sugar,  a  volatile  cyanogen-compound  is  given  off  (Liebig). 

Nitric  acid  acts  on  milk-sugar  in  two  ways.  a.  It  converts  the 
greater  part  of  the  milk-sugar  into  mucic  acid,  which  then  undergoes 
further  decomposition,  yielding  tartaric  acid.  —  h.  The  smaller  portion 
of  the  milk-sugar  is  converted  by  the  nitric  acid,  as  by  other  acids, 
into  grape-sugar,  and  then  (like  the  latter)  yields  saccharic  add, 
which  also,  by  the  continued  action  of  the  nitric  acid,  may  be  trans- 
formed into  tartaric  acid  (Heintz,  Berl,  Akad,  Ber.  1860,  263 ;  Chenu 
Centr.  1860,  726).  But  dilute  acids  convert  milk-sugar,  not  into 
grape-sugar,  but  into  lactose^  and  this  compound  treated  with  nitric 
acid  yields,  not  saccharic  acid,  but  mucic  add  in  twice  the  quantity  of 
that  yielded  under  the  same  circumstances  by  milk-sugar  (Kr.). 

When  milk-sugar  is  treated  with  nitric  acid,  as  for  the  preparation 
of  mucic  acid,  the  dextro-rotatory  power  of  the  solution  is  increased  to 
1^  of  its  original  amount  then  diminishes  and  vanishes  altogether,  but 
the  liquid  after  a  while  again  acquires  dextro-rotatory  power  equal  to 
J  of  the  original  amount,  which,  however,  likewise  vanishes,  if  the  action 
of  the  nitric  acid  is  continued,  without  reappearing.    (Dubrunfaut.) 

When  milk-sugar  is^  heated  with  1  pt.  of  water  and  \  nitric  acid, 
of  30**  B.,  the  solution,  whose  formation  is  attended  with  evolution  of 
carbonic  acid  and  nitrous  gas,  leaves  when  evaporated  a  yellow  mass 

(soluble  in  hot  bat  not  in  cold  alcohol,  and  precipitated  from  the  hot  solution  in  tlie 

form  of  a  yellow  powder),  which  contains  neither  oxalic  nor  maUc  acid,  and 
does  not  precipitate  baryta-water,  lime-water,  or  neutral  acetate  of 
lead.    (Bouillon  &  Vogel.) 
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Heiniz's  view  that  the  tartaric  acid  of  milk-sugar  proceeds  from 
the  mucic  acid  is  incorrect,  because  mucic  acid,  which  is  optically  in- 
active, yields  racemic  acid  when  treated  with  nitric  acid,  whereas 
milk-sugar  yields  dextro-tartaric  acid  with  only  a  slight  admixture  of 
racemic  acid  (Carleu,  Compt,  rend.  53,  343). 

9.  Oil  of  vitriol  poured  upon  milk-sugar  colours  it  brown  and  chars 
it  at  100°.  —  Dilute  stUphuric  acid  leaves  milk-sugar  unaltered  in  the 
cold,  even  after  several  weeks'  contact  (Bensch),  but  at  higher  tempera- 
tm'es,  increases  its  rotatoiy  power  by  y^^  ^^^  converts  it  into  a  pecu- 
liar fermentable  sugar  (Pasteur's  Lactose)^  and  partially  into  a  dcxtro- 
rotlitory,  non-fermentable  substance  (Dubrunfaut).  —  The  lactose  thus 
produced  was  formerly  regarded  as  grape-sugar,  till  Bouchardat 
pointed  out  the  difference  between  the  two.  {Berthelofa  Chim.  organ. 
2,  240).  —  The  liquid,  if  brought  into  the  fermenting  state  at  the 
moment  when  the  rotatory  power  has  increased  to  -J^  of  its  original 
amount,  is  capable  of  yielding  a  quantity  of  alcohol  equal  to  87  per 
cent,  of  the  crystallised  milk-sugar ;  if  the  heating  with  dilute  sul- 
phuric acid  be  continued,  no  alteration  of  the  rotatory  ^wer  talces 
place,  but  the  sugar  decomposes.  (Dubrunfaut.)  According  to  Persoz 
(J.  Chim.  med.  9,  419  ;  Berz.  Jahresber.  14,  380),  the  rotatory  power  of 
mQk-Bugar  is  increased  by  addition  of  acids,  diminished  by  boiling,  and 
is  smallest  when  the  milk-sugar  has  become  fermentable. 

10.  When  milk-sugar  is  covered  with  nxtrosulphuric  acid,  and  the 
solution  is  precipitated  by  water,  a  compound  (nitrolactide)  is  formed,  • 
which  detonates  at  76"  (Reinsch),  not  below  100°  (Vohl),  crystallises 
from  alcohol  in  nacreous  laminae,  does  not  give  up  its  crystallisation- 
water  at  100°,  but  when  its  alcoholic  solution  is  boiled  for  some  time, 
parts  with  its  water,  takes  up  alcohol  and  becomes  amorphous  (Vohl, 
Ann.  Phann.  70,  368 ;  Reinsch,  Jahrh.  pr.  Pharm.  18, 102).  The  nitro- 
compounds formed  from  milk-sugar  behave  when  heated  like  temitro- 
dulcite.    (Bechamp,  Compt.  rend.  51, 258.) 

11.  With  concentrated  hydrochloric  octVf,  milk-sugar  becomes  brown 
and  black,  and  by  boiling  with  the  dilute  acid,  it  is  converted  into 
ordinary  sugar.  (A.  VogeL)  — 12.  Triturated  with  glacial  phosphoric 
add,  it  tiums  red  but  does  not  carbonise  (A.  Vogel,  J.  Pharm.  1,  199)  ; 
with  moist  arsenic  acid,  it  bums  brown.  (Eisner.)  With  arseniovs  acid 
it  behaves  like  cane-sugar.  (Baumann.) — 13.  By  boiling  with  aqueous 
iodic  acid,  it  is  slowly  oxidised.  (Millou,  Compt.  rend.  19,  271.)  — 14. 
When  triturated  with  2  pts.  chlorate  of  potash,  it  is  set  on  fire  by  oil  of 
vitriol.    (Bouillon  &  Vogel.) 

15.  Acetic  acid  does  not  convert  aqueous  milk-sugar  into  grape- 
sugar  (lactose)  even  when  heated  (A.  VogeF;  Struckmann  &  Bodeker, 
Ann.  Pharm.  97,  152).— When  milk-sugar  is  heated  for  50  —  60 
hours  to  100° —  120°  with  glacial  acetic  acid,  butyric  acid  or  tartaric  acid, 
water  is  eliminated,  and  compounds  are  formed  analogous  to  those 
produced  under  similar  circumstances  by  grape-sugar.  (Berthelot, 
N.  Ann.  Chim.  Phys.  54,  82 ;  and  60,  98.) 

When  tartaric  acid  is  heated  with  milk-sugar  and  the  product  is 
treated  in  the  manner  described  under  "  Dulcite,"  two  compounds  are 
obtained  under  slightly  different  circumstances,  a.  Galactoso-tetratar" 


222  CARBO-HYDRATES  C»*H"0". 

tone  acid  C**H«^«*  is  produced,  with  elimination  of  5  at.  water,  from 

I  at.  milk-sugar  and  4  at.  tartaric  acid,  C"H"0"  +  4C»H«0"  — 5H0. 
The  lime-salt  of  this  acid  gives  oif  19-2*p.  c.  water  at  110°,  and  then 
contains  27-8  p.  c.  C.,  5'2  H,  and  17*2  p.  c.  lime,  corresponding  to  the 
formula  C**H"Ca«0»*  +  10  Aq.  (calc.  28-3  0,  3-6  H  and  18-OUaO).  — 
b.  TrigalactO'tetratartaric  add  C*H**0™,  produced,  with  elimination  of 

II  at.  water,  from  3  at.  milk-sugar  and  4  at.  tartaric  acid,  3C"H"0"  4- 

4C®HH)"  —  llHO.  Its  lime-salt  (which  reduces  potassio-cupric  tartrate 

and  yields  with  nitric  acid  a  large  quantity  of  mucic  acid)  contains, 

when  dried  at  110°,  34-1  p.  c.  0,  4-5  H  and  9-2  lime  (C«H*»CaK)'°  -f 

10  aq.  =  34-60,  4-4H,  9-5GaO)  (Berthelot,  N.  Ann.  Chim,  Phys.  54,  82  ; 

abstr.  CompU  rend.  45,  268 ;  J.  pr.  Chem.  73,  159 ;  Chem.  Gaz.  1S57, 

441).  In  this  Memoir,  Berthelot  gives  for  ^alactoBO-tetratartaric  acid  and  its  lime- 
salt,  the  formulsB  C^^H^K)^  and  C»HWCa80«8,4HO,  and  for  trigalacto-tetratartaric 
acid  and  its  lime-salt,  C^^H^O^s  and  C»H»Ca30^2UO.  The  formula:  above  given  are 
irom  Berthelot's  Chimie  organique  2,  296. 

16.  Milk-sugar  heated  in  a  sealed  tube  with  aqueous  ammonia,  yields 
a  brown  nitrogenous  product,  corresponding  to  that  obtained  in  like 
manner  from*cane-sugar.  (P.  Th^nard,  Bull.  Sac.  Chim.  Paris,  1861,  42.) 

17.  Milk-sugar  heated  with  potassium  or  sodium,  carbonises  with 
faint  glow,  and  converts  the  metal  into  alkali.  (Gay-Lussac  &  Thenard.) 

18.  Crystallised  milk-sugar  triturated  with  an  equal  weight  of  potash- 
hydrate  remains  unaltered ;  but  on  adding  half  its  weight  of  water,  the 
mass  becomes  heated  to  115°,  and  a  brown  solution  is  formed,  contain- 
ing carbonic  s^cid,  acetic  acid,  and  a  brown,  somewhat  bitter  substance, 
which  is  insoluble  in  alcohol  and  ether,  deliquesces  in  the  air,  is  deco- 
lorised by  chlorine,  and  forms  precipitates  with  tin,  lead,  mercury,  and 

silver  salts.  (Bouillon  &  Vogel).  —  When  milk-sugar  is  heated  to  100**  with 
excess  of  alkali,   \\  ct.  alkali  is  saturated  by  1  at.  milk-sugar  (C^).  (Dubrunfaut.) 

When  more  strongly  heated  with  4  or  5  pts.  hydrate  of  potash  and  a 
small  quantity  of  water,  it  is  decomposed,  with  evolution  of  hydrogen 
and  formation  of  ox^ic  acid.  (Gay-Lussac,  Ann.  Chim.  Phys.  41,  398.) 
Milk-sugar  triturated  with  potash-hydrate  and  water,  forms,  with 
rise  of  temperature,  a  brown  liquid  from  which  alcohol  throws  down 
a  thick  brown  syrup,  while  acetate  of  Hme  remains  in  solution.   (Sec 

also  Combinations,  p.  225.) 

19.  Milk-sugar  is  not  altered  by  permanganate  of  potash.  (Monier, 
Compt.  rend.  46,  425 ;  J.  pr.  Chem.  73,  478.) 

20.  Aqueous  milk-sugar  mixed  with  cupiic  sulphate  [hydrate  (Bec- 
querel,  Ann.  Chim.  Phys.  47,  17;  Berz.  Jahresher.  12,  821),  chloride  or 
acetate  (Baumann)],  then  with  excess  of  potash -hydrate,  yields  [if  at 
least  2  at.  milk-sugar  (C"H"O^SHO)  are  present  for  eveiy  6  at.  cupric 
oxide  (Stadeler  &  Krause)],  a  deep  blue,  clear  solution  which,  when 
heated,  deposits  cuprous  oxide  (Trommer,  Ann.  Pharm.  39,  360);  if 
the  cupric  oxide  is  in  excess,  the  milk-sugar  is  converted  into  galactic 
acid;  with  an  insuiiicicnt  quantity  of  cupric  oxide,  pectolactic  acid 
is  likewise  formed  (Bodeker  &  Struckmann,  Ann.  Phat^i.  100,  264; 
J.  pr.  Chem.  70,  420.) 

Cupric  acetate  and  nitrate  are  reduced  by  milk-sugar  at  the  boiling 
heat,  even  without  addition  of  potash  (A.  Vogel,  Buchner) ;  according 
to  Baumann,  the  acetate  is  not  thus  reduced.     With  the  nitrate, 
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according  to  A.  Vogel  &  Buclmcr, — with  cupric  hydrate  and  potash 
according  to  Becquerel,  metallic  copper  is  produced  as  well  as  cuprous 
oxide. — From  cyanide  of  copper  and  potassium^  milk-sugar  does  not 
separate  cuprous  oxide  (Baumann). 

When  tartaric  acid  is  added  to  the  solution  of  cupric  sulphate  in 
such  proportion  that,  on  supersaturating  with  potash,  the  whole  remains 
dissolved,  and  no  cupric  or  cuprous  oxide  is  separated  on  boiling  (for 
which,  according  to  Stiidcler  &  Krause,  3  at.  tartaric  acid  are  required 
for  every  1  at.  cupric  oxide),  then  also  8  at.  hydrate  of  potash,  milk- 
sugar  does  not  precipitate  any  cuprous  oxide  from  the  solution  at  the 
boiling-heat.  If  1  at.  more  of  potash-hydrate  be  added  for  each  1  at. 
cupric  oxide,  and  the  solution  containing  milk-sugar  be  then  heated  to 
60®,  the  Uquid  becomes  tm*bid  and  deposits  a  yellowish  precipitate, 
which  acquires  a  dingy  orange-colour  on  boiling ;  it  is  not  till  the  solu- 
tion contains  3  at.  free  alkali  to  1  at.  cupric  oxide  that  it  yields,  when 
heated  with  milk-s^ar,  a  precipitate  of  cuprous  oxide,  which  rapidly 
falls  to  the  bottom  (Stadeler  and  Krause). 

From  these  or  similarly  prepared  solutions  (see  Glucose),  1  at.  milk- 
sugar  (C"H"0",IIO)  reduces  7  at.  cupric  oxide  (Bigaud,  Ann,  Phann, 
90,  297 ;  Stadeler  &  Krause ;  Schiff,  Ann.  Pharm.  104,  830).  Accord- 
ing to  earher  determinations  by  Bodeker  {N.  Zeitach.  /.  rat.  Med,  G, 
201 ;  Kopp'a  Jahresber.  1858,  818),  1  at.  milk-sugar  reduces  7*5  at. 
According  to  his  later  determinations  {Ann.  Pharm.  100,  264),  it  reduces 
6|  at.  cupric  oxide.  The  quantity  of  oxide  reduced  is  influenced  by 
the  .duration  of  the  boiUng,  and  varies  between  7'62  and  7*90  at. 
Hence,  for  the  estimation  of  milk-sugar,  by  means  of  potassio-cupric 
tartrate,  it  must  be  converted  into  grape-sugar  (lactose)  (Fehling, 

Ann.  Pharm,  104,  79).  On  the  estimation  of  milk-sngmr  by  meeni  of  potassio>« 
cupric  tartrate,  see  also  Pogg^iale  (Camp,  rend*  28,  505 ;  /.  pr.  Chem,  47|  13) ; 
Neubauer  {N.  Br.  Arch.  72,  277). 

21.  When  aqueous  milk-sugar  is  heated  above  60®  with  oxide  of  lead, 
it  becomes  brown  and  enipyreumatic.  (Berzelius.)  —  22.  Aqueous 
milk-sugar  boiled  with  mercuric  oxide  reduces  it  but  partially  to  mercu- 
rous  oxide  (A,  Vogel),  but  after  addition  of  potash,  to  metal.  (Bec- 
querel.) It  does  not  alter  mercurous  nitrate  (Baumann).  —  2^.  Nitrate 
of  silver  and  nitrate  of  argenta:inmomum  are  reduced  by  heating  with 
aqueous  milk-sugar ;  with  bichloride  of  platinum,  on  addition  of  ammonia, 
a  deep  red  precipitate  is  obtained.    (Baumann.) 

24.  Milk-sugar  is  not  brought  into  the  state  of  vinous  fermenta- 
tion bv  small  quantities  of  yeast,  but  with  larger  quantities  it  ferments, 
at  30  ,  less  qmckly  than  grape-sugar,  yielding  alcohol  and  carbonic 

acid.  Yeast  does  not  cause  milk-sugar  to  ferment.  (Foorcroy  &  Vauquelin,  N.  Gchl. 
2,  646 ;  Buchholz,  Schw.  4,  350 ;  Bouillon -Lagrange  &  Vogel.)  In  a  mixture  of 
milk-  and  grape-sugar,  yeast  decomposes  the  latter,  while  the  milk-sugar  remains  u'nal» 
tered.  (Berthelot,  N.  Ann.  Ckim.  Phy9.  50,  863.)  Milk-sugar  dissolved  in  water, 
together  with  its  own  weight  of  yeast,  begins  ta  ferment  at  30**  (Cagniard  de  Latour, 
Inst.  2Z7,  224);  mixed  frith  18*8  p.  c  of  its  weight  of  washed  upper  yeast  {Oberh^e), 
it  yields  between  12°  and  25*^,  alcohol  and  saccharic  add.  (Schill,  Ann.  Pharm. 
31,  132.) 

The  milk-sugar  in  whey  ferments  spontaneously  after  a  while ; 
the  fermentation  may  also  be  induced  by  addition  of  casein,  the  pro- 
ducts being  lactic  acid,  alcohol,  and  carbonic  acid.  For  details  on  the  lactone 
fermentation,  see  Cone-nipar,  also  xi,  478. 

MUk  likewise  ferments  spontaneously,  and  without  addition  of 
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yeast,  and  yields  alcohol  (Kowaky,  Aim.  1783,  65;  Cagniard  do 
Latour),  still  more  on  addition  of  milk-sugar  (Hess,  Fogg.  41,  194 ; 
Ann,  Fharm.  21,  158).  Spirit  prepared  by  the  spontaneous  fermenta- 
tion of  mare's  milk  in  sheep-skin  bags,  and  subsequent  distillation,  is  the 
kumis  of  the  Kalmucks  (comp.  G.  Rose,  Pogg.  32,  210).  In  this  fermen- 
tation Poggendorff  (Pogg.  32,  209),  Boutron  &  Fremy  (N.  Ann.  Chim. 
Phys.  2,  257),  and  others  suppose  that  the  formation  of  the  alcohol  is 
preceded  by  conversion  of  the  milk-sugar  into  grape-sugar.  —  The 
ferment  which  induces  the  spontaneous  fermentation  of  milk  is  like- 
wise found  in  milk  which  has  been  curdled  out  of  contact  with  the 
air;  when  decomposed  by  heating  to  130°,  it  is  reproduced  on  expos- 
ing the  liquid  to  the  air.    (Hoppe.) 

Milk-sugar  fermented  by  contact  with  putrid  casein  or  glutin  at 
15° — 20°,  yields  alcohol.  (Schill.)  Milk-sugar  mixed  with  cheese 
and  chalk,  or  with  the  tissue  of  the  pancreas,  yields  alcohol  and  lactic 
acid,  together  with  a  peculiar  jelly,  but  no  mauMke.  (Berthelot.)  In 
the  fermentation  of  whey,  whether  spontaneous,  or  induced  by  yeast, 
cheese,  or  a  mixture  of  cheese  and  chalk,  alcohol  is  obtained  as  well 
as  lactic  acid,  but  in  variable  quantity,  and  less  if  the  acid  is  neutra- 
lised as  fast  as  it  is  formed.  The  more  dilute  the  whey,  the  more 
does  the  alcoholic  fermentation  predominate;  it  is  induced  by  the 
remains  of  the  casein,  which  change  to  yeast,  but  soon  become 
inactive.  (Luboldt.)  In  this  reaction  the  milk-sugar  is  not  converted 
into  grape-suffar  (or  lactose),  but  exists  as  milk-sugar  in  the  liquid  at 
all  stages  of  tne  fermentation.  (Berthelot ;  Luboldt,  J,  pr.  Chenu  77, 
282.)  When  milk,  after  standing  for  11  days,  is  precipitated  with  a 
large  quantity  of  alcohol,  and  the  filtrate,  after  evaporation  to  a 
syrup,  likewise  treated  with  alcohol,  imaltered  milk-sugar  is  precipi- 
tated, which  could  not  therefore  have  been  converted  by  the  fermenta- 
tion into  another  kind  of  sugar.  (Hoppe,  Arch,  pathol.  Anal  17,  417 ; 
abstr.  Kopp's  Jahresber.  1859,  627.)  In  the  solution  of  milk-sugai*, 
brought  into  the  fermenting  state  by  cheese,  yeast,  or  glutin,  Sdiill 
formerly  found  grape-sugar. 

Washed  calf's  rennet  in  contact  with  aqueous  milk-sugar  at  40°, 
forms  lactic  acid,  without  evolution  of  gas  (Fremy,  J.  Pharm.  25,  599 ; 
Ann.  Pharm.  31,  188) ;  also  the  expressed  juice  of  brown  cabbage  or 
fresh  geranium-leaves,  after  addition  of  chalk.  (Wackenroder.)  White 
of  egg  scarcely  alters  a  solution  of  milk-sugar  mixed  with  chalk,  in 
six  weeks,  but  if  coagulated  and  turned  sour  under  water,  it  produces 
lactic  acid.    (Wackenroder,  N.  Br.  Arch.  46,  257.) 

25.  In  contact  with  Schunck's  enfihrozym  (from  madder),  milk-l^ugar 
ferments,  producing  carbonic  acid,  hy(hx)gen,  alcohol,  formic  acid, 
acetic  acid,  and  succinic  acid,  and  generally  the  same  products  that  are 
obtained  from  cane-sugar.  (Schunck,  Phil.  Mag.  J.  [4],  8, 161 ;  J.  pr. 
Chem.  63,  222.)  For  farther  details  see  Cane-ntgar^  p.  267. — 26.  Milk-sugar  is 
not  altered  by  gastric  juice.  (Hoppe.)  On  the  decompositions  in  the  intes- 
tiueSy  blood,  and  pancreatic  juice,  see  Handbuch  viii,  Zooehem.  553  and  589. 

Conibinattans.  A.  Witli  Water,  a.  Crystallised  Milk-sugar.  — 
Colourless  or  white  crystals  belonging  to  the  right  prismatic  system. 
Hardiiess  between  rock-salt  and  calcspar.  Grates  between  the  teeth. 
Sp.  gr.  1-534  (Schabus) ;  1-543  at  13*9%  (according  to  Joule  &  Playfair). 
Its  taste  is  sUghtlj  sweet   and   rather   sandy.       Dextro-rotatory 
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power  [oc]j  =  56*4'*,  via.  inf.,  p.  245.  For  the  expansion,  according  to 
Playfair  &  Joule,  see  Chem.  Soc,  Qu.  J.  1,  121 ;  Lieb.  Kopp,  Jahresber. 
1847—1848,  p.  57. 

The  crystals  arc  hemihedral  and  hemimorphous.  Of  the  rhombic 
octahedron,  a  {Jig.  41),  the  upper  half  is  altogether  wanting ;  of  the 
lower  half,  only  the  face  a  and  its  opposite  to  the  right  behind  are 
present,  together  with  the  pairs  of  faces  <  and  m  (fig.  53)  and  the 
horizontal  face  11  from  figure  52.  In  thesd  latter,  the  faces  of  the  upper 
half  are  more  strongly  developed  than  those  of  the  lower  half,  whereas 
with  the  i-faces,  the  contrary  is  the  case.  The  face  t  is  mostly  curved, 
and  in  the  larger  crystals,  striated  parallel  to  the  combination-edge 
with  tt,  which  latter  is  also  striated  parallel  to  its  combination-edge 
with  m ;  hence  the  measurements  are  only  approximate ;  a  :  a  over  t 
=  23''  22';  a:  w  =  109°  1';  a  :  t  =  101°  41';  tV  :  it  over  t  = 
39°  18'  obs.,  38°  6'  calc;  ii:t  =  109°  89';  n  :  m  =  160°  21'  obs.; 
160°  57'  calc.  The  differences  between  these  angular  data  and 
those  given  by  Rammelsberg,  arise  from  Rammelsberg  having 
used  somewhat  different  parameters  for  the  faces  m.  —  Cleavage 
parallel  to  m.  The  faces  t^  it,  and  m,  have  in  the  larger  crystals,  a 
splendid  mother-of-pearl  lustre,  which,  in  the  smaller  crystals,  inclines 
strongly  to  vitreous;  a  with  unctuous  or  mother-of-pearl  lustre. 
(Schabus,  Bestimmung,  49 ;  Eammelsberg*s  Nachtrag^  219.)* 

Permanent  at  mean  temperatures  and  at  100  ;  gives  off  its  water 
slowly  at  130**,  more  quickly  between  140°  and  145°,  amounting  on  the 
average  to  5*08  p.  c.  (1  at.  =  5*00  p.  c.)  and  is  converted  into  anhy- 
drous milk-sugar. 

Ai  mean  temperature  or  at  100*. 

12  C .t...... 72    .... 

12  H 12    ..., 

12  0 96     ..., 


Uebig. 

Berzeltas. 

40-00    .. 

•>•••«      uv'tSO 

....    38-73 

6-66    .. 

6-67 

....      716 

63-34     .. 

53-97 

....    5411 

C?»H"0",HO 180    ....  10000    10000 


100*00 


Gfty-Limac 

&  Th^narcL      Berthollet.  Front.  StSdeler  &  Kraase. 

a.  b, 

C  38-02    41-13    8915    39*68    4007 

H    7*34     6-76     6*67     6*77    6*70 

O  54*64     5211     5419     53*55     53*23 


Dubraafaut. 


39*70 

6-67 

53-63 


100-00    100-00    100-00    100-00    100-00     10000 

a.  Air-dried;  h,  dried  at  100*  (St&deler  &  Kranse). 

b.  Aqueous  Mtlk-sugar. — Crystallised  milk-sugar  is  slightly  hygro- 
scopic. It  dissolves  in  5  or  6  pts.  of  cold  and  in  2*5  pts.  boiling  water ; 
according  to  Guerin-Varry,  in  9  pts.  water  at  20^  and  in  1  part  boiling 
water.  The  saturated  solution  produced  by  prolonged  contact  of 
water  with  excess  of  milk-sugar  at  10°,  has  a  density  of  1*055  and 
contains  14-55  p.  c.  of  crystamsed  milk-sugar.    When  left  to  evapo- 


*  The  formula  of  the  crystaU,  according  to  Naumann's  notation,  is  00  P »  •  |- 

oP .  2?Qo  .    IndinatioQ  of  oP  x  2Pa(>  »  109"*  39';    oP  :  |a  101*  41.     Ratio  of 

aies^a:  bi  e*  0-6215:  1  :  0-2193.    (Schabus.) 
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rate,  it  begins  to  deposit  crystals  as  soon  as  it  attains  tbe  density  of 
1-063  and  contains  21*64  p.  c.  milk-sugar.  (Dubrunfaut.)  When  milk- 
sugar  dissolves,  beat  is  evolved,  according  to  Dubrunfaut ;  according 
to  Pobl  (/.  pr.  Chem.  82,  154),  175'2  grm.  milk-sugai*  dissolved  in 
1-051  kilogs.  water  at  16-5  lowers  the  temperature  to  15-62°.  —  The 
dextro-rotatory  power  of  a  recently  prepared  aqueous  solution  of  milk- 
sugar  is  greater  in  the  ratio  of  8  to  5  than  that  of  the  same  solution 
after  standing  for  some  time  or  after  being  heated.  The  rotatory 
power  diminishes  slowly  at  0°,  more  quickly  on  heating,  and  in  two 
minutes  at  the  boiling  heat,  to  that  of  [a]  j  =  56®  4'  for  crystallised 
milk-sugar.  (E.  0.  Erdmann,  Lieb,  Kopp,  Jahresber.  1855,  671;  Dubrun- 
faut.) A  warm  saturated  solution  of  milk-sugar,  kept  for  10  minutes 
in  a  sealed  tube  crystallises  when  the  tube  is  opened,  and  partially 
when  the  temperature  is  raised  from  —  10  to  +  18°.   (Lieben.) 

B.  With  Acids,  —  Pulverized  milk-sugar  absorbs  hydrochloric  acid  gas 
turning  slightly  grey,  and  if  oil  of  vitriol  is  afterwards  poured  upon  it 
gives  off  hydrochloric  acid  with  violent  effervescence.   Aqueous  hydrocbloric 

acid  dissolves  milk -sugar  more  freely  than  pure  water.    (Bouillon  &  Vogel.) 

C.  With  Bases.  Milk-sugar  unites  with  bases,  giving  off  water  at 
the  same  time  (Berzelius,  Brendecke).  With  aaueous  alkalis  or  alka- 
line earths,  if  the  temperature  be  kept  low  and  the  action  not  too  long 
continued,  compounds  of  milk-sugar  may  be  formed  which  have  less 
rotatory  power  than  the  milk-sugar  contained  in  them,  yield  unaltered 
milk-sugar  when  decomposed,  and  contain  3  at.  potash  or  soda  to  1  at. 
milk-sugar,  C"H"0"  (Dubrunfaut,  vid.  inf.). 

Milk-sugar  absorbs  12*4  per  cent,  ammonia-gets^  of  wliich  5*8  per 
cent,  volatilises  after  exposure  to  the  air  for  two  hours,  the  rest 
remaining  more  intimately  combined  (Berzelius). 

Potassium-compound. — The  solution  of  1  pt.  potash-hydrate  in  3  pts. 
water  dissolves  7  pts.  of  milk-sugar,  and  yields  a  precipitate  witb 
alcohol  after  dilution  with  a  small  quantity  of  water.  The  flocculent, 
strongly  alkaline  precipitate,  easily  soluble  in  water,  is  decomposed  by 
carbonic  and  other  acids,  with  separation  of  milk-sugar.  (Brendecke.) 

Sodium-compound. — The  solution  of  1  pt.  soda-hydrate  in  3  pts. 
water  dissolves  from  20  to  21  pts.  milk-sugar  and  is  then  precipi table 
by  alcohol  (Brendecke). 

Brendecke. 

NaO  31     8*12     8*3 

C«H280»  351     91-88 

C«HaO»,NaO,HO  382    lOO'OO 

Milk-sugar  does  not  unite  with  common  salt  (Stadeler  &  Krause). 

Barium-compound. — Milk-sugar  is  triturated  with  baryta- water,  and 
the  filtrate  precipitated  with  alcohol.  Contains  40*00  per  cent,  baryta, 
and  is  therefore  C«*H«0«,  2BaO  (calc.  40-15  BaO)  (Brendecke). 

Cakium-compound. — Milk-sugar  forms,  with  lime,  a  soluble  com- 
pound containing  equal  numbers  of  atoms  of  lime  and  milk-sugar 
^QisjjiiOii^  and  an  insoluble  basic  compound  which  is  obtained  l)y  treating 
milk-sugar  with  a  large  quantity  of  dry  hydrate  of  lime  (Dubrunfaut). 
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When  aqueous  inilk-Bu^ris  added  to  milk  of  lime  till  the  latter  Ib 
nearly  dissolved,  alcohol  throws  down  from  the  filtrate  a  precipitate 
oontaining  15*7  per  cent.  lime  (Brendecke.)  The  solution  of  lime  in 
mHk-sugar  deposits,  on  exposure  to  the  air,  crystals  of  quinto-hydrated 
carbonate  of  lune  (Pelouze,  Ann,  Chim.  Pkys.  48,  307). 

Lead-compound. — When  milk-sugar  is  digested  with  oxide  of  lead 
and  water  at  50**,  a  soluble  compound  is  obtained,  together  with 
another  suspended  in  the  Hquid.  The  latter,  obtained  by  filtration  in 
air  free  from  carbonic  acid,  is  gummy,  becomes  gi-ey  and  translucent 
when  dry,  turns  yellow  and  gives  off  water  at  100°,  and  then  contains 
63'52  per  cent.  PbO.  The  solution,  which  has  a  sweet,  alkaline, 
astringent  taste,  leaves,  when  evaporated  in  vacuo,  a  yellow  gum 
soluble  in  water,  and  containing  18*12  per  cent.  PbO.  Fr/^m  its  solu- 
tion, ammonia  precipitates  the  insoluble  compound  (Berzelius,  Lehrh. 
3  Aufl.  9,  690).  Dubrunfaut  doubts  whether  these  compounds  still 
contain  unaltered  milk-sugar. 

Milk-sugar  hinders  the  precipitation  of  ferric  salts  by  alkalis. 
(H.  Rose.)     On  the  compound  with  cupric  oxide,  vid.  9up» 

MUk-sugar  dissolves  readilv  in  distilled  vinegar,   and  crystallises 
unaltered  on  evaporation  (Bouillon  &  Vogel). 
Milk-sugar  is  insoluble  in  alcohol  and  ether. 


Appendix  to  Milk-sugar. 

1.  Lactose. 

Pasteux  (1856).     Compt.  rend.  42,  847;  Inst.  1856,  91;  J.pr.  Chem. 
68,  427 ;  Chem.  Centr.  1856,  253. 

Gallactose  (Berthelot),  Mucoglucose,  —  According  to  Berthelot,  Bonchardat  was. 
the  first  to  distinguish  lactose  from  grape-sugar.  —  Lactose  is  perhaps  idcDtical  with  the 
sugar  produced  bry  boiling  gum  with  dilute  acids  (p.   199).     (Berthelot,   Chim,  org, 
2,  249).  —  E.  O.  Erdmann  (lAeb.  Kopp,  Jahreaber.  1855,  672)  likewise  recognised  the 
peculiar  properties  of  lactose  before  Pasteur. 

Milk-sugar  is  boiled  for  several  hours  with  4  pts.  of  water  and 
2  per.  cent,  oil  of  vitriol,  the  liquid  neutralised  with  chalk,  the  filtrate 
evaporated  to  a  syrup,  and  then  left  to  crystallise. 

Lactose  crystallises  more  readily  than  grape-sugar,  in  nodules 
consisting  of  microscopic,  limpid,  rectangular  prisms  acuminated  at  the 
ends, — ^more  generally  of  six-sided,  round-edged  laminae  having  a  pea- 
shaped  protuberance  in  the  middle.  Dextro-rotatory  power  \ol\j  = 
83*22*'  at  15**;  in  the  recently-prepared  solution  it  is  stronger  L^J^  = 
13&'66°,  but  sinks  to  the  former  magnitude  slowly  at  ordinary  tempe- 
ratures ;  instantly  on  boiling. 

Lactose  yields  with  nitric  add  twice  as  much  mucic  acid  as  milk- 
sugar.  —  From  an  ^alkaline  solution  it  reduces  as  much  cupric  oxide  as 
grape-sugar.  —  It  ferments  in  contact  with  yeast.    If  the  fermentation 

Q2 
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be  interrupted  before  it  is  complete,  the  liquid  still  contains  unaltered 
lactose,  which  therefore  has  not  undergone  any  division  or  further 
alteration  during  the  fermentation.  In  this  fermentation,  the  same 
products  are  formed  as  in  the  fermentation  of  cane-sugar.  (Pasteur, 
N.  Ann.  Chim,  Phy8. 58,  356.) 

Lactos^  dissolves  in  water.    It  does  not  combine  with  chloride  of 
sodium^  and  dissolves  but  very  sparingly  in  cold  alcohoL 


2.  Lactocaramel. 

C**H«H3«»  or  C»H^'^ 

A.  LiEDEN.     (1856.)     Wien.  Akad.  Ber.  18, 180 ;  /.  pr.  Chem.  68,  407 ; 
Chem.  Centr.  1856,  548. 

Anhydrous  Mtlk-wgar  (Benelius,  Lehrb.  3  Aafl.  9,  690). 

Formed,  together  with  variable  quantities  of  anhydrous  milk-sugar 
and  a  substance  insoluble  in  water,  by  heating  milk-sugar  to  between 

170°  and  180°. 

Milk-sugar  is  heated  for  several  hours  to  180° ;  the  pulverised 
residue  is  exhausted  with  boiling  alcohol ;  the  msoluble  portion  which 
has  deliquesced  to  a  syrup,  is  dissolved  in  water ;  and  the  filtrate  is 
evaporated. 

Dark  brown,  brittle,  shining  mass,  becoming,  after  trituration,  of  a 
lighter  brown  than  caramel. 

at  100^  laebeiu 

24  C 144     44-44  44*36 

20  H    20 617  6-26 

20  O    160    49-39  49-38 

C»*H«02» 324    10000    100^00 

Lacto-caramel  is  converted  by  heat  into  a  substance  insoluble  in 
water,  gradually  at  170°,  more  quickly  at  temperatures  above  200°. 
This  insoluble  substance  is  likewise  produced  in  the  preparation  of 
lacto-caramel.  It  dissolves  in  nitric  acid,  partially  in  potash-ley,  and 
is  precipitated  therefrom  as  red-brown  powder  by  hydrochloric  acid. 
It  is  quickly  decomposed  by  dilute  sulphuric  acid  and  hichronuxte  of 
potash,  with  formation  of  chromic  oxide. 

Lacto-caramel  dissolves  readily  in  water  and  is  precipitated  as  a 
brown  gum  by  alcohol. 

Aqueous  lacto-caramel  does  not  precipitate  baryta-water. 

Lead-compound,  —  Aqueous  lacte-caramel  precipitates  from  ammo- 
niacal  sugar  of  lead  a  coffee-coloured  powder,  which  when  treated  with 
cupric  acetate  foi-nis  the  copper-compound  of  lacte-caramel.  It  dis- 
solves readily  in  acids,  but  is  insoluble  in  water  and  in  alcohol. 

Copper-compound.  —  Aqueous  protochloride  of  copper  is  mixed  in 
the  cold  with  a  large  excess  of  concentrated  soda-ley,  and  the  mixture 
is  precipitated  with  aqueous  lacto-caramel.  —  The  compound  is  also 
produced  when  aqueous  cupric  acetate  is  poured  upon  the  lead-corn-* 


GALLACTIC  ACID.  229 

pound  of  lacto-caramel.  —  Olive-green  powder  which  gives  off  3*55  p.  c. 
water  at  100°,  and  7*85  p. c.  at  160°,  acquiring  a  darker  colour,  and' 
blackening  at  a  higher  temperature.  —  It  is  nearly  insoluble  in  water. 
By  boiling  it  for  some  time  with  water,  a  solution  is  obtained,  which 
does  not  yield  the  compound  by  evaporation,  but  on  addition  of  alcohol 
deposits  green  flocks,  easily  soluble  in  water. 


24  C , 

In  taevo. 
144-0     .... 

.*••       04  Li       •...•■ 

....       5-22     

....    41-77     

....     18-84     

lieben. 
...    34-26 

22  H 

619 

22  O 

176-0    .... 

...    42*68 

2CuO    

79-4     .... 

...     17-87 

C»H«Cu»(y»    ... 

• 

24  C 

421-4     .... 

at  150\ 
144-0    .... 

....  100;00    , 

....      u/*00       W...I 

....      4-67    

....    37-37     

....     20-60    

...  10000 

Lieben. 
...    36-74 

18  H 

18-0    .... 

4*69 

18  O 

144*0     .... 

,..    38-79 

2CuO    

79-4     

19-78 

(?*HWCu=0»   .. 

>••*.•       Oow  V       ...1 

....  100-00    

...  10000 

3.  Gallactic  Acid. 

C»*HW  or  C«ff^"f 

BoDEKER  &  Struckmakn.    Ann.  Pharm.  100,  264 ;  J^  pr,  Chem.  70, 
414. 

Produced  when  milk-sugar  is  oxidised  by  cupric  oxide  in  an  alkaline 
solution. 

200  grm.  milk-sugar  are  dissolved,  together  with  1200  gim.  cupric 
sulphate  in  warm  water ;  soda-ley  is  added  till  the  precipitate  at  first 
produced  is  redissolved ;  the  liquid  is  heated  to  boiling  and  filtered 
from  the  precipitated  cuprous  and  cupric  oxides ;  and  the  filtrate  is 
evaporated  till  as  much  as  possible  of  the  sulphate  of  soda  has  been  re- 
moved by  crystiillisation.  The  mother-liquor  is  precipitated  with  ace- 
tate of  baryta,  freed  from  humoid  substances  by  the  addition  of  a  small 
quantity  of  neutral  acetate  of  lead,  and  after  filtering,  mixed  with  excess 
of  that  salt,  whereby  gallactate  of  lead  is  precipitated, — whereas,  if 
the  quantity  of  cupric  sulphate  added  is  insuflicient  for  complete  oxida- 
tion, pectolactic  add  (p.  231)  remains  in  solution  and  may  be  precipitated 
by  basic  acetate  of  lead.  From  the  washed  gallactate  of  lead,  the  acid 
may  be  separated  by  decomposing  the  salt  with  hydrosulphuric  acid 
under  water,  evaporating  the  filtrate,  rcdissolving  in  alcohol,  and  again 

evaporating,  if  the  prodnct  is  BtUl  contaminated  with  residues  of  toda,  baryta,  or 
pectolactic  acid,  it  must  be  repredpltated  with  neutral  acetate  of  lead,  and  the  precipi- 
tate decomposed  as  above. 

Pale  yellow,  inodorous,  strongly  acid  syrup. 

Heatii  on  platmum-foil,  it  smells  like  burning  malic  acid,  takes  fire 
and  leaves  a  residue  of  charcoal.  —  Not  altered  by  potamo-cvpric 
tartrate. 

Soluble  iu  all  proportions  in  water. 
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With  bases  It  forms  the  gaUactates.  These  salts,  according  to 
Bodeker  &  Struckmann,  are  bibasic,  C^BPMK)*,  amorphous  and  mostly 
dehquescent. 

The  aqueous  acid  does  not  precipitate :  baryta- water,  the  hydro- 
chlorates  of  lime,  baiyta,  zinc-oxide,  ferric  oxide  and  mercuric  oxide, 
or  cupric  sulphate,  or  nitrate  of  silver ;  but  horn,  ferric  acetate^  it  throws 
down  a  red-brown,  and  from  mercurous  or  mercuric  nitrate^  a  white 
precipitate. 

The  GaUactates  of  Ammonia^  Potash^  Soda  and  Baryta  are  deh- 
quescent ;  lliey  remain,  when  their  aqueous  solutions  are  evaporated, 
as  amber-yellow  amorphous  masses,  and  are  precipitated  from  their 
aqueous  solutions  by  alcohol,  in  white  flocks  which  dehquesce  on 
standing. 

Gallactate  of  Lime. — Ag[ueous  gallactic  acid  is  digested  with 
pounded  marble  or  neutraHsed  with  milk  of  lime,  and  the  filtered 
solutions  are  precipitated  with  excess  of  lime-water.  —  White  flocks, 
forming  when  dry,  a  pale  yellow  powder.  Dried  over  oil  of  vitriol,  it 
contains  24-6  p.  c.  lime  (C"flK)*',2CaO  -h  3aq.  =  24-78  p.  c.  CaO),  gives 
off  13-28  p.  c.  water  at  110*'  (calc.  11-96),  and  then  contains  28-26 
p.  c.  CaO  (C^*H»0',  2CaO  =  28-14  p.  c). 

Gallactate  of  Lead,  —  Heavy  white  powder. 

Cher  oil  qftntriol,  Bddeker  Ac  Stnickmaim. 

14  C 84-0    ....     19-98     1983 

9  H 90     ....      2-14     211 

13  0 1040     ....     24-74     2411 

2  PbO    223-4     ....     5314     53*95 

■  '  111  ■       _^^p—  I  ■  ■  ■  «■       1      I       II 

C"HH)',2PbO  +  6aq 420-4     ....  10000     100-00 

at  120"*.  Bodeker  &  Strackmann. 

14  C 84-0     ....     21-35     21-22 

6  H 60     ....       1-53     1  48 

10  O     800     ....     20-33     19-58 

2  PbO 223-4     ....     56-79     57-72 

C"H«0^2PbO  +  3aq 393-4    ....  10000    10000 

6o  according  to  B(5deker  &  Strackmann. 

Gallactati  of  Copper,  —  Obtained  by  double  decomposition  as  a 
light-blue  gummy  precipitate. 

Mercurotis  Gallactate.  —  From  mercurous  nitrate  and  the  aqueous 
add.    Dissolves  with  difficulty  in  dilute  nitric  acid. 

Mercuric  Gallactate.  — •  Precipitated  from  the  aqueous  acid  by 
mercuric  nitrate,  as  a  white  amorphous  body,  pale  yellow  when  dry. 
After  drying  over  oil  of  vitriol,  it  contains  55-03  p.  c.  HgO,  gives  off 
7-92  p.  0.  water  at  llC,  and  then  contains  59-77  p.  c.  mercuric  oxide 
(0"H>0'j2HgO  -h  3aq.  =  55-96  p.  c.  HgO,  7-00  HO,  and  60-17  p.  c. 
HgO  in  the  dried  salt). 

Oallactic  acid  dissolves  in  alcohol^  but  not  in  ether. 
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4.  Fectolactic  Acid. 

BoDEKBR  &  Steuckmann.  Ann.  Pharm.  100,  264,  abstr.  J.  pr.  Ckem, 
70,  414. 

Obtained  in  the  preparation  of  gallactic  acid,  especially  when  the 
milk-sugar  is  heated  with  an  insuflScient  quantity  of  free  alkali,  and 
less  cupric  oxide  than  is  sufficient  to  convert  it  completely  into  gallactic 
acid.  Remains  in,  solution  after  the  gallactic  acid  has  been  pre- 
cipitated with  neutral  acetate  of  lead,  is  precipitated  by  basic  acetate 
of  lead,  and  obtained  in  the  free  state  by  decomposing  the  washed 
precipitate  with  sulphuretted  hydrogen,  as  described  for  gallactic  acid 
(p.  229). 

Scentless,  brown,  acid  syrup.  After  drying  over  oil  of  vitriol  it 
retains  5  at.  water,  at  100 '',  2  at. 

Bddeker  &  Stnickmann. 

...     3918    3910 

,.,.      6-81     6-10 

....     55-51     54-80 


16  C 

13  H 

Over  oil  qf  vitriol, 

96 

13 

17  O 

136 

CWHK)"  +  5aq 245     ....  100-00     lOO'OO 

at  120'.  B(5deker  &  Stradunann. 

16  C 96     ....     44-04     43-48 

10  H 10     ....       4-59     5-48 

14  0 112     ....     51-37     5104 

C»«H80»  +  2aq.  218     ....  10000     10000 

From  potassiO'CUpric  tartrate,  at  the  boiling  heat,  it  reduces  cuprous 
oxide.  —  It  does  not  alter  aqueous  nitrate  of  silver  in  the  cold,  but 
colours  it  yellow  on  boiling,  purple-red  after  addition  of  ammonia  and 
precipitates  the  metad  in  the  specular  form.  May  not  the  add  have  contained 
milk-sagar  ?    Kr. 

The  pectolactates,  according  to  Bodeker  &  Struckmann,  are  hibasic 
C"H*MH)" ;  those  of  the  alkalis  and  alkaline  earths  are  easily  soluble 
in  water,  but  with  exception  of  the  lime-aalt,  precipitable  by 
alcohol.  The  only  pectolactate  that  has  been  obtained  in  the  anhydrous 
state  is  the  basic  ferric  salt. 

Pectolactate  of  Baryta.  —  Obtained  by  neutrahsing  the  acid  with 
baryta- water,  and  precipitating  with  alcohol,  as  a  sticky  mass,  changing 
to  a  white  powder  when  absolute  alcohol  is  poured  upon  it.  After 
drying  over  oil  of  vitriol,  it  gives  off  5"75  p.  c.  water  at  100°.  Dried 
over  oil  of  vitriol  it  contains,  on  the  average,  21*77  p.  c.  C,  3*61  H., 
and  36-89  BaO ;  after  drying  at  100°,  it  contains  23-00  0.,  3-00  H.,  and 

39-08  BaO.  £5deker  ic  Struckmann  assign  to  the  former  salt  the  formula 
Ci6H60W,2BaO  +  9aq.,  to  the  latter,  Ci»H«OW,2BaO  +  6aq.  Calculation  agrees  with 
the  analytical  results  so  far  as  regards  the  baryta  and  hydrogen,  but  not  for  the  carbon, 
because,  aeoording  to  B.  &  St.,  a  portion  of  the  latter  remained  unbumed. 

Ferric  Pectolactate.  —  Obtained  by  precitating  ferric  acetate  with 
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pectolactate  of  ammonia,  as  a  rust-coloured  precipitate  soluble  in 
soda-ley.  —  a.  Dried  over  oil  of  vitriol.  Contains  €0*8  p.  c.  Fe*0',  gives 
off  15-43  p.  0.  water  at  120%  and  is  therefore  C'•H•0'^6FeK)»  +  14aq. 
(calc.  60-91  Fe»0»,  15*81  aq.)  — ft.  Dried  at  lOO*'.  Contains  65*41  p.  c. 
Fe»0»,  gives  off  9*1  p.c.  water  at  120%  and  is  therefore  C"H•0»^6Fe"0», 
+  8aq.  (calc.  65*39  Fe*0»  and  9*81  aq.).  — c.  At  120°.  Contains  from 
71*4  to  72-4  p.  c.  FeK)*,  and  is  therefore  C*^«0»S6FeH)»  (calc.  72*51 
Fe»0»)  Bbdeker  &  Struckmann. 

Fectolactic  acid  is  soluble  in  alcohol^  insoluble  in  ether. 


IT  5.  Isobiglycolethylenic  Acid, 

C^H^O". 

IlLAsrwETZ  (1861)  Ann.  Pharm.  119,  281. 
Barth  &  Hlasiwbtz.    Ann.  Pharm.  122,  96. 

IsodiglyeoUUhylem&itre^ 

m 

Formation.  By  treating  milk-sugar  or  gum-arabic  with  bromine, 
and  decomposing  the  resulting  brominated  compound  with  moist 
oxide  of  silver  or  of  lead,  or  with  caustic  soda.     The  composition  of  the 

brominated  product  has  not  been  exactly  ascertained.  Barth  &  Hlasiwea  howerer 
suppose  that  it  has  the  composition  C^H'^'O'^Bi^  and  is  formed  from  milk-sugar  by 
the  simple  addition  of  2  at.  bromine  [and  elimination  of  1  at.  water].  The  formatioQ 
of  isobiglycolethylenic  acid  from  it  by  the  action  of  bases  may  then  be  sapposed  to  take 
place  as  represented  by  the  equation :  CtSHioO^Bi^  +  2AgO  «  GiSH«»0>s  +  2AgBr. 
They  find,  in  fact,  that  2  at.  bromine  are  sufficient  for  the  production  of  this  compound 
from  1  at.  milk-sugar,  though  in  their  earlier  experiments  they  used  4  at.  bromine» 
supposing  that  a  eubsiitution-prodact  would  be  formed  (CH^K)*^  +  Bi^  ■■ 
C»H8BrK)i<>  +  2HBr  +  HO).  Hydrobromic  acid  is,  in  fact,  produced  as  well  as  car- 
bonic  acid  and  other  products ;  but  these  appear  to  result  from  a  secondary  action,  and 
are  formed  more  abundantly  as  the  proportion  of  bromine  used  is  larger.  Moreorer 
the  decomposition  of  the  compound  C^^H^r'O'^  by  oxide  of  silver,  &c.,  would  yidd, 
not  C«H»»0»,  but  C«H«0« 

Preparation.  1.  The  milk-sugar,  or  gum,  and  bromine,  together 
with  a  convenient  quantity  of  water,  are  enclosed,  according  to  the 
quantity  of  material  used,  either  in  sealed  tubes  or  in  strong  glass 
bottles  (champagne  or  soda-water  bottles)  secured  with  caoutchouc 
stoppers  and  binding  wire,  and  heated  in  the  water-bath  for  five  or 
six  hours  till  the  bromine  disappears,  and  a  colourless  or  yellowish 
liquid  is  produced.  The  tubes  or  bottles  are  then  opened,  whereupon 
carbonic  acid  escapes  and  an  odour  like  that  of  chloroform  becomes 
perceptible ;  the  somewhat  dilute  liquid  is  neutralised  with  moist  oxide 
of  silver  or  oxide  of  lead ;  the  pasty  mass  is  washed  on  a  filter  with 
hot  water ;  and  the  filtrate — which,  when  oxide  of  silver  is  used,  soon 
becomes  coloured  by  reduced  silver — is  precipitated  with  hydi'O- 
sulphuric  acid.  If  the  filtered  liquid  be  then  merely  freed  from  hydro- 
sulphuric  acid  by  heat  and  concentrated,  it  does  not  yield  the  add  in 
crystals,  as  it  is  still  somewhat  impure.  To  purify  it  further,  it  is  eva- 
porated to  a  small  bulk  at  a  gentle  heat ;  freed  from  lime  (which  is 
always  present  in  commercial  milk-sugar)  by  adding  alcohol  as  long 
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as  turbidity  Ib  thereby  produced ;  then  filtered ;  distilled  to  remove  the 
alcohol ;  diluted ;  boiled  to  drive  off  the  last  portions  of  alcohol ;  treated, 
while  still  hot,  with  carbonate  of  cadmium  till  ft  ceases  to  effervesce ; 
and  the  solution  of  the  cadmium-salt,  which  has  a  slight  acid  reaction, 
is  decolorised  with  animal  charcoal  and  left  to 'crystallise,  an  additional 
quantity  being  obtained  from  the  mother-liquors.  This  salt  is  but 
sparingly  soluble  even  in  boiling  water ;  the  cadmium  may,  however, 
be  easily  separated  from  it  by  passing  sulphuretted  hvdrogen  into  a 
thin  paste  of  the  salt,  kept  at  tlie  lulling  heat  in  a  nask,  the  acid 
thus  gradually  set  free  dissolving  the  rest  of  the  salt.  Finally,  the  liquid 
filtered  from  sulphide  of  cadmium  is  concentrated  over  the  water-bath 
to  a  thin  syrup  and  left  to  crystallise ;  it  then,  after  a  few  days,  yields 
groups  of  crystalline  needles,  and  the  whole  gradually  solidifies  to  a 
soft  crystalline  mass,  which  becomes  friable  when  dried  over  oil  of 
vitri^  in  vacuo. 

2.  The  liquid  obtained  as  above  by  heatmg  milk-sugar  or  gum 
with  bromine  is  saturated  with  soda  and  boiled ;  whereby  it  acquires 
an  acid  reaction.  If  again  neutralised,  concentrated,  and  left  to 
stand,  it  deposits  a  mixture  of  crystals,  which  must  be  freed  from  the 
mother-liquor  by  pressure  and  redissolved.  Isobiglycolethylenate  of 
sodium  then  crystallises  out  alone,  and  may  be  purified  by  animal 
charcoal.  It  may  be  converted  into  the  cadmium-salt  by  precipitation, 
and  the  acid  obtained  therefrom  as  above. 

Properties.  Small,  highly  deliquescent  needles.  Taste  sour  and 
agreeable,  much  weakened  bv  dilution  with  water.  Melts  to  a  syrup 
at  the  heat  of  the  water-batn.  L(Bvo-rotatory.  A  solution,  72  mm. 
long  and  containing  11*137  p  c  of  the  acid,  produces  a  deflection  of 
2°  to  the  left. 

Barth  &  HlasiwAis. 
Jrom  Milk'Mugar,  from  Gum'Orabie, 
Dried  at  100^  {mean.) 

12  C 72    ....    40-45    40-37     4028 

10  H 10    ....      5-61     5-85     6-69 

12  0 96    ....     53-94     58*78    54  03 

CisH^O^ ^  178    ....  100-00    100-00    lOO'OO 

It  M  isomeric  with  Wmiz'f  higlyeoMhylenie  acid ; — may  be  derived  from  milk- 
sugar,  C"H"0*^  hj  abstraction  of  1  at.  water  and  addition  of  2  at.  oxygen ;  differs  from 
tartaric  acid,  C^HOQ^,  by  2C*H>,  from  aoonitic  acid,  C^m^^,  by  H«,  and  from  Gorup's 
mannitic  acid,  C^HI^OM  by  2  HO. 

Decompositions.  1.  The  acid  becomes  somewhat  coloured  when 
heaied  for  some  time  to  100°.  Heated  on  platinum-foil,  it  burns  with 
an  odour  of  sugar  and  formation  of  a  tumefied  perfectly  combustible 
coal.  —  2.  When  carefully  oxidised  with  nitric  add^  it  yields  chiefly 
mucic  acid.  —  8.  Fused  with  potash\  it  yields  acetic  and  oxalic  adds, 
together  with  other  products.  —  4.  The  aqueous  solution  neutralised 
with  ammonia  reduces  nitrate  of  silver  when  heated,  forming  a  specular 
deposit  of  silver.  —  5.  It  reduces  an  alkaline  solution  of  cupric  oxide^ 
when  heated  with  it. 

Combinations.    A.  With  Water.    The  add  dried  over  oil  of  vitriol 
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in  vacuo,  gives  off,  when  heated  to  100**  for  24  hours,  13'9  p.  c.  water, 
corresponding  to  the  formula  C"ff^"4-3H0  (calc.  13-19  p.  c.)    A 
sample  heated  for  12  hours  ojily,  gave  by  analysis  38*2  p.  c.  carbon, 
and  6-02  hydrogen,  corrosponding  to  the  formula  C^'ff'O^+HO. 
The  acid  dissolves  easily  in  water. 

B.  With  Bases.  All  the  salts  of  isobiglycolethylenic  acid  hitherto 
obtained,  except  the  lead^salt,  agree  with  the  formula  C"H*MO". 
The  acid  appears  therefore  (if  it  contains  only  12  at.  C.)  to  be  mono- 
basic, though,  in  its  mode  of  formation  and  its  reactions  with  nitric 
acid  and  with  potash,  it  appears  rather  to  resemble  the  polybasic 
acids.  Most  of  its  salts  dissolve  easily  in  water  and  crystallise  well ; 
the  cadmium  and  silver  salts  however  are  but  sparingly  soluble. 
They  are  insoluble  in  alcohol,  which  precipitates  them  from  their 
aqueous  solutions.  They  contain  water  of  crystallisation,  which  Ihey 
do  not  give  off  completely  till  heated  to  140°,  and  even  then  not  witnout 
partial  decomposition. 

The  aqueous  solution  of  the  acid  is  not  precipitated  by  baryta-  or 
lime-water,  by  acetate  of  lead,  either  neutral  or  basic,  or  by  mercuric 
nitrate  ;  but  acetate  of  lead  mixed  with  ammonia  precipitates  it  com- 
pletely. It  easily  dissolves  hydrated  cupric  oxide;  does  not  alter 
ferric  chloride. 

Ammonia-salt.  —  On  mixing  the  aqueous  acid  with  excess  of 
ammonia,  boiling  till  the  odour  of  ammonia  is  no  longer  perceptible, 
decolorising  with  charcoal,  and  concentrating  to  a  thickish  consistence, 
the  ammonia-salt  separates  after  a  few  days  in  crystals,  which  may 
be  purified  by  recrystallisation.  When  prepared  from  a  sufficient 
quantity  of  material,  it  forms  thick,  solid,  transparent,  colourless 
crystals  Jbelonging  to  the  oblique  prismatic  system,  sometimes  4  or 
5  mm.  broad,  easily  soluble  in  water,  nearly  insoluble  in  alcohol. 

Baith  &  Hlasiwetz. 
Air-dried.  mean. 

12  C  72  ....  3380  33-69 

15  H 15  ....  703  7-37 

N 14  ....  6-52  6-64 

14  O 112  ....  62-65  52-30 

C»*H»(NH*)0>2  +  2aq 213     ....  10000    100*00 

Heated  for  some  time  to  100®,  it  gives  off  3*68  p.  c.  (nearly  1  at.) 
water,  and  at  120°,  at  which  temperature  however  it  becomes  slightly 
brown,  8*74  p.  c.  (calc.  2  at.  =  8*44:  p.  c). 

Potash'saU.  —  Extremely  soluble  in  water,  and  not  obtainable  in  the 
crystalline  form.  An  alcoholic  solution  of  the  acid  mixed  with  alcohdlic 
potash  yields  the  salt  in  the  form  of  a  clotted  precipitate  which  becomes 
brittle  and  friable  when  dried  at  100°. 

Soda-scdt. — Prepared  as  already  described  (p.  233),  or  by  neutralising 
the  aqueous  acid  with  carbonate  of  soda.  Crystallises  readily  in  tufts 
of  small  colourless  prisms  containing  6  at.  water,  of  which  4  at.  or  14*45 
p.  c.  (calc.  14-17  p.  c.)  are  given  off  at  100. 
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at  100* 


Bartb  &  Hlasi^etx. 


13  C... 
11  H... 

14  O... 


72 

11 

23 

112 


3303 

505 

10*55 

61-37 


a. 

33-43 

5-35 

10-30 

50-92 


b. 


10-52 


C»*H»NaO"  +  2aq ^218     ....  10000 

AtT'dried, 

CMH»»NaOM    218     ....     8583 

4  HO 36    ....*  1417     . 


..  10000 

Barth  &  Hlatiwetz. 

14-45     ....     14-43 


C»H»NaO»a  +  6aq 254 


100-00 


a.  Prepared  by  neutralising'  the  aqneoot  acid  with  carbonate  of  soda ;  b,  hj  decom- 
posing the  brominated  acid  (p.  233)  with  caustic  soda. 

Baryta-saU,  —  The  solution  of  the  acid  saturated  with  caustic 
baryta  or  the  carbonate  dries  up  to  a  gummy  mass. 

StronUa-BoU.  —  Resembles  the  baryta-salt. 

Lime-salt,  —  Prom  a  boiling  aqueous  solution  of  the  acid,  either  pure 
or  crude,  neutralised  with  carbonate  of  lime  and  decolorised  with 
charcoal,  the  Ume-salt  separates  in  crystals  often  united  in  crusts,  and 
tightly  attached  to  the  sides  of  the  vessel.  By  recrystallisation  from 
more  dilute  solutions  it  is  obtained  in  rather  large,  thick,  perfectly 
colourless  shining  tables. — The  crystals  contain  7  at.  water,  4  of  which 
are  given  off  at  lOO""  and  the  rest  at  140°. 


12  C  . 
9H 

Ca. 
12  O  . 


at  140'. 

...  72 
...  9 
...     20 


Barth  &  Hlasiwets. 

36-54     35-63 

4-57     5-11 

1015     10-31 


96     48-74 


48-95 


C^¥L^CnXy^ 197     100-00     lOO'OO 


12  C 
12  U 
Ca 
15  O 


at  100». 

...  72 
...  12 
...     20 


Barth  &  Hlasiwetz. 
mean, 

3214     31-79 

5-35     5-65 

8-92     8-65 


120     53-59 


53*91 


C»H»CaOM  +  Saq 224     lOO'OO     .*. 10000 


Ait'dried, 


12  C  , 
16  H  . 
Ca 
19  O 


72 

16 

20 

152 


Barth  &  Hlasiwetz. 
mean, 

27-69  ....  27-69 

615  ....  6-41 

7-69  ....  7-77 

58-47  ....  58-13 


C»H»CaOM  +  7aq 260    ....  10000    ....  10000 


Or: 

C»H»CaO» 197     ....     75-68 

7  HO 63    ....    24-32 


Barth  &  Hlasiwets. 
24-32     ....     25-41 


C»H»CaO»  +  7aq 260     ....  10000 
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The  quantitj  of  weter  given  off  at  100**  was  iu  two  experiinccts  13*03  and  13*42 
p.  c. ;  calculation  for  4  at.  girrs  13*81  p.  c.  I 

Another  hydrate  containing  3J  at.  water  was  obtained  from  tho 
strongly  coloured  syrupy  mother-liquid  which  remained  after  the  pre- 
paration of  the  lime-salt  by  treating  the  crude  acid  with  carbonate  of 
lime.  The  colouring  matter  was  removed  by  precipitation  with  acetate 
of  lead ;  the  filtered  liquid  was  treated  with  hydro-sulphuric  add ;  con- 
centrated; precipitated  with  alcohol;  and  the  vi^id  lime-salt  thus 
obtained  was  redissolved  in  water,  decolorised  with  animal  charcoal, 
and  crystallised.  It  was  thus  obtained  in  small  crystals  which  fiUed 
the  liquid  and  reduced  it  to  a  pasty  mass. 

Ahr^rkd,  Baith  &  Hlaahrets. 

24  C  144     ....    31*51     31-39 

25  H  25     ....      5*47    6-66 

2Ca 40    ....       8*75     8*81 

31  O  248     ....    54-27    54-14 

2C»H9CaO»  +  7aq.  457    ....  10000     100-00 

Cadmium'SaU.  (Pkepaimtion  p.  233).  The  salt  crystallises  with  different 
quanties  of  water,  according  to  the  concentration  of  the  solution  from 
which  it  separates. 

a.  C"H»CdO»  4- 3H0.  Separates  during  the  cooling  of  hot 
saturated  solutions,  in  small  crystals  united  in  friable  aggregates,  and 
presenting  under  the  microscope  the  appearance  of  obuque  prismatic 
[monocUnic^  needles,  veiy  mudi  flattened  by  the  predominance  of  the 
races  parallel  to  the  clinodiagonal.  They  give  off  10*12  p.  c.  water 
(3  at.  =  10*38)  p.  c.  at  140*^,  but  do  not  bepome  completely 
anhydrous  till  heated  to  IdO''  in  a  current  of  air,  and  at  the  same  time 
become  somewhat  coloured.  Very  slightly  soluble  in  water,  even  at 
the  boiling  heat. 


AtT'drM* 
72    ....    27*69 

•••• 

■  ••• 

•••• 

Barth  &  Hlaiiweti. 

12  0.. 

a. 

27*49 

4-89 

21-36 

46-26 

....    27-73 
....      4*92 
....    20-87 
....     46-48 

....    27*78 

12  H    

Cd 

15  0    

.... 

12    ....      4-61 

......     56    ....     21*53 

120    ....     46*17 

....      4-83 

C»H»CdO 

+ 

3aq. 

...    260    ....  100*00 

••■• 

100-00 

....  100*00 

a.  Mean  of  six  analyses  of  the  salt  prepared,  as  described  at  page  232«  from 
isobigljoolethylenic  acid  obtained  by  heating  1  at  milk-sngar  with  4  at.  bromine, 
decomposing  the  product  with  oxide  of  silver,  &c — /3.  Analysis  of  the  salt  prepared 
with  acid  obtained  from  1  at  milk-sngar  and  2  at  bromine. —  y.  The  same  with  8  at. 
bromine. 

h.  G"IPCdO"  +  6H0.  Separates  by  slow  evaporation  from  the 
mother-liquor  of  the  preceding,  or  generally  from  dilute  solutions,  by 
spontaneous  evaporation,  in  well  developed,  shining,  monoclinic  crystals, 
mostly  united  in  tufts.  Very  sparingly  soluble  in  cold  water ;  rather 
more  soluble  than  the  preceding  in  boiling  water. 


CANE-SUGAR.  237 

Bartli  &  Hlaslwetx. 
a.  P, 

Air-dried,  mean.  mean, 

12  C 72  ....  2508     24-77     25-19 

15  H 15  ....  5-22     5-50     553 

Cd   56  ....  19-50     19-25     1902 

18  O     144  ....  50-20     50-48     50-26 

■  I  II  I  I  I        — ^-^^  ■  ^— ^i^^  ■■  in 

C>*H«CdO»  +  6  aq. 287     ....  lOO'OO     100-00 100-00 

a.  Prepared  from  milk-sngar.  —  /3.  Prepared  from  gnm-arabic. 

This  hydrate,  like  the  precedinff,  cannot  be  completely  dehydrated 
withoat  sUght  coloration.  At  140  it  lost,  in  two  expenments,  20*95 
and  20*10  p.  c.  water  (8  at.  =  18*81  p.c).  The  salt  thus  dried  gave 
by  analj'sis  30*20  p.  c.  carbon  and  4*12  hydrogen,  the  formula 
C«EPCdO"  requiring  30*9  and  3*9. 

ie6K?-5aft.  — C»H*PbO",4PbO +  aq.?  The  aqueous  acid  mixed 
with  ammoniacal  sugar  of  lead  yields  a  bulky  white  precipitate  which 
becomes  somewhat  denser  if  left  under  the  liquid. 

Barth  &  Hlanwete. 
12  C   .' 72       ....      9-82    9*16 

10  H   10       ....       1-35     1-13 

5  PbO  557-6     ....     70-80    71-37 

11  O 88        ....     18-53     18-34 

C"H^PbO»  4PbO  +  aq.     727*5    ....  100-00    100-00 

Copper-salt  —  Carbonate  of  copper  dissolves  in  the  aqueous  acid, 
forming  an  emerald-green  liquid,  which  dries  up  to  dark  green 
transparent  films. 

Siiver-sdU. — Very  strong  solutions  of  the  potash-salt  and  nitrate  of 
silver  yield  an  amorphous  gelatinous  precipitate  which  soon  turns 
brown  when  exposed  to  light.  It  is  soluble  in  water.  Isobiglycole- 
thylenic  acid  dissolves  in  warm  alcoholy  and  is  precipitated  therefrom  in 
flocks  by  ether,    %. 


Cane-sugar. 

(?*H»0»  or  C"H?»0". 

ScHRiCKEL.    Diss,  de  SdUb.  sacchartmSj  &c.,  Giessee.    1776. 

Cruikshank.    Scher.  J.  1,  637 ;  8,  289. 

Bouillon-Lagbange,    Ann.  Chxm.  71,  91. 

Berzeucts.    Ann.  Chim.  95,  59. 

KuHLMANN.  Ann.  Chim.  Phys.  54,  323 ;  Ann.  Pharm.  9,  213 ;  J.  pr. 
Chem.  2,  235  (Preparation).  —  Compt.  rend.  30,  341 ;  Dingl.  116,  61 
(the  same). 

Peligot.  Ann.  Chim.  Phys.  67,  113 ;  J.  pr.  Cittm.  15,  65 ;  N.  Br. 
Arch.  15,  227;  abstr.  Ann.  Pharm.  30,  69  (Decompositions  by 
Heat.  —  Compounds  with  Bases). — Ann.  Chim.  Phys.  73,  103; 
J.  pr.  Chem.  17,  183 ;  Ann.  Pharm.  30,  91 ;  Compt.  rend.  8,  530 
(Lead-compounda  of  Cane-sugar). — N.  J.  Pharjn.   2,    103  (the 
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same).  —  Compt,  rend.  32,  333 ;  N»  J.  Pkarm,  19,  324 ;  Ann.  Phamu 
80,  342 ;  J.  pr,  Chem.  52,  405 ;  in  detail :  N.  Ann.  Chim.  Phys.  54, 
377  (Sngar-lmie).  —  Compt.  rend.  32, 421  (Analyses  of  Cane-sugars). 

Ventzke.     J.  pr.  Chem.  25,  64 ;  28,  101  (Polarisation). 

HocHSTETTER.     J.  pr.  Chem.  29,  1  (Decompositions). 

DuBRUNFAUT.      Arm.  Pharm.    17,   283   (Manufacture).  —  Inversion  : 

1.  Compt.  rend.  23,  38 ;  in  detail :  N.  Ann.  Chim.  Phys.  18,  99.  — 

2.  N.  Ann.  Chim.  Phys.  21,  169 ;  J.  pr.  Chem.  42,  418 ;  Pharm.  Centr. 
1849,  643.  —  1  to  3  consecutively :  Compt.  rend.  32,  498.  —  Estima- 
tion: Compt.  rend.  32,  249  ;  Pharm.  Centr.  1851,  278;  Drngl.  121, 
299.— Cotnp^  rend.  32,  857;  J.  pr.  Chem.  53,  508;  DingL  121, 
305. 

SouBEiRAN.  N.  J.  Pharm.  1,  1  and  89 ;  J.  pr.  Chem.  27,  281  (Trans- 
formations of  Sugar  by  Water  and  Ileat).  —  N.  J.  Pharm.  1,  469  ; 
Ann.  Pharm.  43,  223 ;  J.  pr.  Chem.  26,  498  (Compounds  with  Lime, 
Baryta,  and  Lead).  —  Compt.  rend.  ?8,  774 ;  in  detail :  N.  J.  Pharm. 
16,  252 ;  J.  pr.  Chem.  49,  65  (Sugar  in  Honey).  —  N.  J.  Pharm.  19, 
829  (Sugar-lime). 

Maumen^  Compt.  rend.  30,  314,  and  447;  Pharm.  Centr.  1850,  349  ; 
Compt.  rend.  39,  422  ;  J.  pr.  Chem.  63,  75 ;  Chem.  Centr.  1854,  735  ; 
Chem.  Gaz.  1854,  413  (Caramelin).  —  Compt.  rend.  39,  914;  J.  pr. 
Chem.  64,  147;  Chem.  Centr.  1854,  920  (Action  of  Water).— 
Compt.  rend.  42,  645 ;  J.  pr.  Chem.  69,  256 ;  in  detail :  N.  Ann. 
Chim.  Phys.  48,  23  (Preparation  on  the  large  scale).  —  Compt.  rend. 
45,  1021 ;  J.  pr.  Chem.  74,  232  (Formation  of  Alcohols  by  Fer- 
mentation). 

Alcoholic  or  Vinous  Fermentation:  Pasteur.  1.  Compt.  rend.  45,  1032  ; 
J.  pr.  Chem.  73,  451 ;  Chem.  Gaz.  1858,  61 ;  Kopp's  Jahresber.  1857,' 
508.— 2.  Compt. rend. 46, 179;  J. pr.  Chem.  73,  457;  Ann.Pharm.  105, 
264.  —  3.  Compt.  rend.  46,  857 ;  J.  pr.  Chem.  73,  506  ;  Ann.  Pharm. 
106,  838.-4.  Compt.  rend.  47,  224;  J.  pr.  Chem.  74,  51 2;  Chem. 
Centr.  1858,  685.  —  5.  Compt.  rend.  47,  1011 ;  J.  pr.  Chem.  76, 369  ; 
Chem.  Centr.  1859,  175 ;  2  to  5  also  in  Kopp's  Jahresber.  1858,  484. 
—  6.  Compt.  rend.  48,  640 ;  jRep.  Chim.  pure,  1,  810.  —  7.  Against 
Berthelot,  Compt.  rend.  48,  691,  and  737.  —  8.  Compt.  rend.  AS,  7S5  ; 
Rep.  Chim.pire,  1,  355;  Chem.  Centr.  1859,  671.  —  9.  Compt.  rend. 
48,  1149;  Rep.  CMm.  piire,  1,  519;  Phil.  Mag.  [4],  181,  239.-6  to 
9  also  in  Kopp^s  Jahresber.  1859,  549.  The  whole  1  to  9,  N.  Ann. 
Chim.  Phys.  58,  323. 

Lactom  Fermentation :  Pasteur.     Compt.  rend.  45,  913 ;  J.  pr.  Chem. 
73,  447 ;  in  detail :  N,  Ann.  Chim.  Phys.  J52,  404 ;   abstr.  Kopp's 
Jahresber.  1857,  510.  —  Compt.  rend.  47,    224  ;    Kopp*s  Jahresber. 
1858,  484.  —  Compt.  rend.  48,  337 ;  •/.  pr.  Chem.  77,  27 ;  Kopp's . 
Jahresber.  1859,  563. 

M.  Berthelot.  Transformation  by  Salts:  Compt.  rend.  34,  800; 
N.  J.  Pharm.  22,  37 ;  Ann.  Pharm.  83,  104;  in  detail:  N.  Ann. 
Chim.  Phys.  38,  57.  —  Solubility  of  Lime  in  Sugar- water:  iVT.  Ann. 
Chim.  Phys.  i6,  123.  —  Compounds  with  Acids:  Compt.  rend.  41, 
452  ;  J.  pr.  Chem.  67,  235.  —  Compt.  rend.  45,  268 ;  N.  J.  Pharm. 
33,  95 ;  /.  pr.  CJiem.  73,  157 ;  Chem.  Gaz.  1857,  441 ;  in  detail : 
N.  Ann.   Chim.  Phys.  54,  74.  —  Fermentation :    Compt.  rend.  43, 

^  288 ;  N.  J.  Pharm.  30,  269  ;  J.  pr.  Chem.  69,  454.  —  Compt.  rend. 
44,  702 ;  J.  pr.  Chem.  71,  321 ;  in  detail :  N.  Ann.  Chim.  Phys.  50, 
822.— (Occurrence:  Cowipf.  rewd  46, 1876;  in  detail:  N.Ann.  Chim. 
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Phys.    55|   286.  —  Chimie  organiqu$  fondde  sur  la  synthhe^    Paris, 

1860. 
Bi^CHAHP.     Decomposition  by  Water  and  S^lts :  Compt,  rend.  40,  436 ; 

N.  J.  Pharm.  27,  274.  —  Compt.  rend.  46,  44 ;  J.  pr.  Chem.  74,  495  ; 

in  detail :  iV^.  Ann,  Chim.  Phya.  54,  28. 
BuioinsT.    N.  Ann.  Chm,  Phys.  61,  233. 

Cbmnum  Suffor.  CrytiallUahU  Sugar.  8ucr€  di  eanne.  JRohrmeier.  —  Sac- 
eharose  (Berthelot).  —  Known  in  India  and  China,  from  very  early ilimes, 
and  in  Europe  since  the  time  of  Alexander  the  Great.  The  culture  of 
the  sugar-cane  was  imported,  in  the  fourteenth  and  fifteenth  centuries^, 
from  Nubia,  Arabia,  and  Egypt  into  Spain,  Portugal,  and  the  Canary- 
Islands,  afterwards  to  America :  it  was  only  after  this  last  importa- 
tion that  it  came  into  general  use.  The  presence  of  cane-sugar  in 
beet  and  other  plants,  indigenous  in  Europe,  was  first  demonstrated 
in  1747  by  Marggraf,  and  its  preparation  on  the  large  scale  from 
beet  was  introduced  by  Achard.  An  important  auxiliary  in  the  study 
of  the  different  varieties  of  sugar  was  afforded  by  the  plienomena  of 
circular  polarisation  discovered  by  Biot. 

Sources,  In  the  vegetable  kingdom  universally  diffused,  existing 
apparently  in  many  plants,  from  which,  in  consequence  of  the  mode 
of  examination  formerly  adopted,  only  fruit-sugar  or  grape-sugar 
had  been  obtained.  In  the  stems  of  Grasses:  Of  t^e  sugar-cane,. 
Saccharum  officinarum ;  of  the  Asiatic  sugar-cane,  Sorghum  sac- 
charatum;  of  maize,  and  probably  also  of  other  cereals.  The  juice  of 
the  sugar-cane  contains  more  than  20  per  cent,  of  cane-sugar, 
unmixed  with  any  other  kind  of  sugar.  (Avequin ;  Plagne,  J.  Pharvi, 
26,  248 ;  Pehgot.)  It  contains  no  optically  active  substance  except 
cane-sugar.  (Clerget.)  The  stems  of  Sorghum  saccharatum^  when 
quite  ripe,  contain  from  9  to  9|  p.  c.  cane-sugar,  but  no  fruit- 
sugar  (Gossmann,  Ann.  Pharm.  104,  335;  HemiSferg's  landw.  Jour-* 
nal  6,  294);  Bergemann  found  only  fruit-sugar;  Liidersdorff  and 
Fehling  found  cane-sugar  and  fruit-sugar.  {Henneberg's  landw.  Jahresh. 
1854,  245.)  The  unripe  stems  contain  only  fruit-sugar  and  starcli, 
which  latter  disappears  in  the  process  of  ripening,  in  proportion  as 
cane-sugar  makeb  its  appearance.  (Jackson,  Compt,  rend.  46,  55 ; 
Leplay,  Compt.  rend.  46,  444.)  —  The  juice  of  maize-stems  cut  at  the 
at  the  time  of  ripening,  is  especially  rich  in  cane-sugar,  if  the  female 
flowers  have  been  removed  during  the  flowering  season ;  it  appears 
to  contain  a  little  glucose  as  well  as  cane-sugar.  (Soubeiran  &  Biot, 
Compt.  rend.  15,  523 ;  Pelouze,  Compt.  rend.  15,  580.)  Maize-stems 
cut  shortly  after  the  flowering  of  the  plant,  contain  a  quantity  of 
sugar  amounting  to  between  7*4  and  7*9  p.  c.  of  the  juice,  and  about 
half  consisting  of  cane  sugar.     (Ludersdorif.) 

In  the  fieshy  roots  of  Angelica  archangelica  (A.  Buchner),  Beta  vul- 
garis, Chcsrophyllum  bulbosum  (Payen),  Cichorium  Intybus,  Daucus  Carota, 
HeUantkus  tuberosus,  Leontodon  taraxacum,  Pastinaca  saliva,  Sium  Sisarum, 
and  others.  —  Field  beet  or  mangold-wurzel  contains,  on  the  average, 
between  7  and  11  p.  c^  in  particular  cases  as  much  as  14  p.  c.  of  cane- 
BUgar,  the  proportion  varying  with  the  kind  of  manure  employed, 
the  locality,  and  the  variety  and  size  of  the  beet,  the  largest  quantity 
being  vielded  by  the  white  Silesian  sugar-beet.  Small  kinds  are. 
generally  richer  in  sugar  than  the  larger.    In  one  and  the  same  beet^. 
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the  leaf -head  contains  the  smallest,  the  middle  of  the  fleshy  stem  the 
largest  amount  of  sugar,  Beet  contains  no  other  sugar  than  cane- 
sugar  (Payen,  CompU  rmd.  15,  618),  but  it  contains  another  optically 
active  substance  which  is  not  altered  by  acids.    (Clerget,  N.  Ann, 

Chim.  Phya,  26,  175.)  (On  the  Tariattons  ia  the  amotmt  of  sugar  under  different 
influences,  see  Henneb.  landw,  Jahmber,  2  Abth.  1853,  27 ;  1854,  23 ;  1859  and 
1856, 31.)  —  In  *the  tubers  of  Lathyrus  tuberosus  (Braconnot) ;  in  the 
sweet  potato  of  St.  Domingo  (of  Convolvulus  batatas),  Aveqnin 
(J.  Bkitrm.  21,  548). 

In  the  stem  of  the  sugar-maple,  Acer  sacckarinun^  of  the  sycamore, 
Acer  Pseudoplatanusy  and  other  species  of  Acer  (Cadell,^  Thorns.  Ann. 
10,  284);  of  some  species  of  Betula  (Schleiden) ;  in  the  vernal  juice  of 
Juglans  alba  (Bigelow,  Scher.  Ann.  8,  118);  oi  Tilia  europcea  (Riegeiy 
JoJirb,  pr.  Pharm.  14,  155).  In  several  palms,  especially  the  Saguerua 
Bumpkii  of  Java  (Berthelot,  jY.  Ann.  Chim.  Phys.  55, 286 ;  comp.  Pereira, 
N.  J.  Pharm.  9,  345.) 

In  Fruits.  The  sugar  which  forms  in  fruits  at  the  season  of  matu- 
rity is  always  cane-sugar ;  under  the  influence  of  a  peculiar  kind  of 
ferment,  (vid.  inf.,  p.  254)  however,  it  may  be  converted  wholly  or  par- 
tially into  inverse  sugar ;  so  that  the  ripe  fruit  sometimes  contains  only 
inverse  sugar,  sometunes  both  kinds  together.  Figs,  grapes,  cherries, 
Spanish  cherries,  strawberries,  of  the  variety  called  Princesse  royaky 
and  gooseberries,  contain  no  cane-sugar,  but  only  inverse  sugar; 
other  fruits  contain  both  kinds  in  various  proportions.  (Buignet.) 
The  IflBvo-rotatory  (inverse)  sugar  of  grapes  deposits  on  standing 
dextro-rotatory  grape-sugar,  and  retains  its  Isevo-rotatory  power,  even 
in  the  dried  grape,  with  hquid  or  granular  contents.  If  syrup  of  grape- 
juice  turns  the  plane  of  polarisation  to  the  right,  it  is  in  consequence 
of  alterations  which  have  especially  affected  the  IsBvo-rotatory  fruit- 
sugar.  Thus  the  Acarus  farina  and  ants  devour  the  Isevo-rotatory 
fruit-sugar  and  leave  dextro-rotatory  grape-sugar  behind.  (Dubrunfaut, 
Compt.  rend.  29,  54.)  Oranges,  ripe  or  unripe,  contain  both  kinds  of 
sugar,  the  relative  proportion  of  tne  two  changing  during  the  process 
of  maturation.  The  quantity  of  inverse  'sugar  remains  nearly  the 
same,  but  that  of  cane-sugar  increases  in  proportion  to  the  total 
weight  of  the  solid  matters  as  well  as  of  the  inverse  sugar.  (Berthelot 
&  Buignet,  Compt.  rend.  51,  1094.)  Apples  and  pears  contain  cane- 
sugar,  and  either  a  peculiar  l»vo-rotatory  sugar,  or  more  probably 
inverse  sugar,  which,  before  the  time  of  the  observation,  undergoes  an 
irregular,  decomposition,  first  attacking  the  dextro-rotatory  grape- 
sugar  (as  in  Dubrunfaut's  fermentation  experiment),  and  thereby 
giving  the  preponderance  of  rotatory  power  to  the  l»vo-rotatory  fruit- 
sugar,  formed  from  the  inverse  sugar.  (Buignet.)  —  Unripe  bananas 
contain  apecuhar  tannin,  starch,  and  cane-sugar,  the  quantity  of  the  last 
increasing  as  the  fruit  ripens  in  proportion  as  the  other  two  disappear. 
In  bananas  artificially  ripened  after  their  removal  from  the  tree,  the 
tannin  and  starch  have  likewise  disappeared ;  on  the  other  hand,  they 
contain  15  p.  c.  su^r,  one-third  consisting  of  cane-sugar,  and  the  remain- 
ing two-thirds  of  inverse  sugar,  which  latter  appears  to  be  formed  from 
starch  during  the  process  of  vegetation,  and  is  psesent  instead  of  cane- 
sugar  in  the  artificially  ripened  fruit.  The  formation  of  cane-sugar  in 
fruits  is  not  prevented  by  the  presence  of  acids.  (Buignet.)  The 
sugar  of  fruits  was  formerly  regarded  as  distinct  from  cane-sugar ; 
but  the  presence  of  cane-sugar  has  been  demonstrated  in  melons  by 
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Payen ;  in  bananas  by  Avequin  (,7.  Pharm,  24,  55(5),  and  in  dates  by 
Bonastre  {J.  Pharm.  18,  725).  On  the  amount  of  sugar  in  various 
kinds  of  fruit,  see  Fresenius,  Ann.  Phann.  101,  219  ;  Buignet,  N.  Ann. 
Okim.  Phijs.  61,  243. 

Walnuts,  hazel-nuts,  bitter  almonds,  and  sweet  almonds  contain 
only  cane-sugar  (Pelouze,  Compt.  rend.  40,  608) ;  also  the  carob  bean 
or  St.  John's  bread,  the  fruit  of  Ceratonia  SiUqua  (Berthelot),  and 
coflFee-beans  (Stenhousc,  Graham  &  Campbell,  Chem.  Soc.  Qu.  J,  9,  33 ; 
Chem.  Centr.  1857,  54). 

The  nectar  of  the  flowers  of  Rhododendron  ponticum  contains  cane- 
sugar  (6.  Jager,  Tiedemann*8  Zeitschr.  f.  Physiol.  2,  173),  which  is  even 
found  in  crystals  in  the  flowers  of  this  plant.  (Sthamer,  N.  Br.  Arch. 
69,  151.)  The  nectar  of  various  kinds  of  cactug  contains  scarcely  any- 
thing but  cane-sugar,  that  of  other  flowers  likewise  contains  fruit- 
sugar.  (Braconnot,  J.  Chirn.  med.  19,  3 ;  J.  pr.  Chem.  30,  363 ;  comp. 
Ludwig,  iV".  Br.  Arch.  107,  10.)  —  The  honey  of  Polyhia  apicipennis,  an 
American  wasp,  yields  crystals  of  cane-sugar.  (Karsten,  Pogg.  100, 
560  ;  J.  pr.  Chem.  71,  315.)  Common  bees'  honey  contains  laevo-rota- 
tory  fruit-sugar  (in  excess,  according  to  Dubrunfaut),  dextro-rotatory 
gi*ape-sugar,  and  cane-sugar ;  the  latter  is  found  more  frequently  in 
the  liquid  honey  as  it  exists  in  the  cells,  and  disappears  almost  entirely 
when  the  honey  is  kept.  (Soubeiran,  iV.  J.  Pharm.  16,  253 ;  J.  pr. 
Chem.  49,  65;  abstr.  Compt.  rend.  28,  775;  Lieh.  Kopp.  Jaliresber.  1849, 
465.)  The  cane-sugar  of  fresh  honey  is  inverted  during  keeping  by 
the  action  of  the  adhering  ferment,  and  may  then  deposit  from  20  to 
30  per  cent,  of  dextro-rotatory  grape-sugar,  while  Isevo-rotatory  fruit- 
sugar  remains  behind.     (Dubrunfaut,  Compt.  rend.  29,  51.) 

It  is  doubtful  whether  panoche-sugar  should  be  regarded  as  a  khid 
of  cane-sugar.  It  is  found  on  the  surface  of  the  leaves  of  a  Cahfomian 
sugar-cane,  and  appears  to  be  juice  exuded  in  consequence  of  the 
punctures  of  insects  and  dried  (Johnson,  Sill.  Ann.  J.  [2],  22,  6  ;  Chem. 
Centr.  1856,  764 ;  N.  Br.  Arch.  93,  64 ;  /.  pr.  Chein.  70,  245). 

%  Manna  from  Sinai  (the  produce  of  Tamarix  mannifera)  contains 
56  p.  c.  cane-sugar,  25  inverse  sugar  and  20  dextrin  &c. ;  manna  from 
Kurdistan  contains  61  p.  c.  cane-sugar,  16'5  inverse  sugar,  and 
22*5  dextrin  &c.  (Berthelot,  Compt.  rend.  53,  583 ;  Bep.  Chim.  pure, 
4,29.)    T. 

The  bark  of  Pinvs  sylvestris  contains  a  sugar  which  is  obtained  in 
the  preparation  of  pinicorretin  (p.  33),  but  is  somewhat  diflScult  to 
crystalHse  on  account  of  impurities.  This,  after  drying  at  100°,  con- 
tains 39*68  p,  c.  C,  6-92  H.,  and  53'40  0.  corresponchng  to  the  formula 
Qia^MQu  —  jjj  ^jj^  preparation  of  pinipicrin  from  pine-needles  (vid.  inf.) 
a  sugar  is  obtained,  which,  when  purified  by  dissolving  it  in  aqueous 
alcohol,  evaporating  the  filtrate,  washing  the  crystals  with  ether- 
alcohol,  and  drying  at  100%  contains  42*3  p.  c.  C,  6*73  H.,  and  50*98  0., 
corresponding  to  the  formula  of  cane-sugar  (Kawalier,  Wien.  Akad. 

Ber,  11,  364  and  353).  The  fonner  sugar  should  perhaps  be  classed  with  inverse 
sugar,  the  latter  with  cane-sugar.     (Kr.) 

In  healthy  cereals,  and  even  in  harley^mdU,  sugar  does  not  exist 
ready  formed,  but  is  rather  produced,  in  the  crushed  grain,  by  the 
action  of  diastase  and  water  (MitscherUch,  N.  J.  Pharm.  4,  213; 
Peligot,  N.  Ann.  Chim.  Phys.  29,  5 ;  Stem,  Polyt.  Centr.  1860,  181). 
The  BUgiT  thus  produced  is  perhaps  maltose.     (Kr.). 

* 
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Preparation,  From  the  juice  of  the  Sugar-cane,  of  Sorghum  mccharatum, 
and  of  Mangold-ivurzel.  The  juice  of  the  sugar-cane  is  obtained  by 
pressure,  that  of  man  gold- wurzel  by  reduchig  the  roots  to  a  fine  pulp, 
and  either  pressing  this  pulp  after  adding  a  quantity  of  water  equal  to 
20  per  cent,  of  the  weight  of  the  root,  or  Hxiviating  it  with  cold  water, 
or  finally  by  subjecting  it  in  perforated  cylinders  to  the  rotatory  action 
of  the  centrifugal  machine.  —  The  juice  of  mangold-wurzel  is  heated  to 
68^  by  hot  steam,  every  1000  quarts  are  mixed  with  a  quantity  of  milk 
of  lime  prepared  from  12  lbs.  of  Ume,  and  the  mixture  is  further  heated 
to  the  boiling  point,  whereby  phosphate  of  lime,  albumin,  albuminate  of 
lime  and  other  matters  are  separated  in  the  form  of  a  dense  white 
crust.  The  heating  is  interrupted  as  soon  as  the  boiling  juice  begins 
to  break  through  the  crust,  the  clear  liquid  below  is  run  ofF,  and  the 
muddy  residue  is  submitted  to  pressure.  The  calcareous  thin  »tp*up 
{pUnnsaft)  thus  obtained  is  treated  with  carbonic  aci4  (from  0*6  to  0*8 
p.  c.  lime  however  remains  dissolved  as  sugar-hme)  ;  separated  by  sub- 
sidence and  decantation  from  precipitated  carbonate  of  lime  ;  filtered 
through  bone-black,  which  removes  a  small  quantity  of  sugar-hme, 
and  evaporated  to  20 — 22°  Bm.,  either  in  open  pans  or  in  Robert's 
vacuum  apparatus.  The  thick  symp  (Dicksaft\  again  filtered  through 
bone-black,  and  evaporated  in  vacuo  at  about  22"  barometric  pressure 
till  it  becomes  thick  enough  to  draw  out  into  threads,  yields,  after 
cooling  and  standing,  crystals  of  cane-sugar,  and  the  mother-liquor, 
when  further  evaporated,  yields  a  second  and-  third  crop,  till  nothing 
remains  but  uncrystallisable  molasses.  The  last  very  dark-coloured 
crop  of  crystals  is  moistened  with  water,  and  freed  from  adhering 
molasses  by  means  of  the  centrifugal  machine.  The  mixture  of  all  the 
successive  crops  of  crystals  thus  obtained  constitutes  the  raio  sugar  of 
commerce. 

Purification,  Refining  of  cane-sugar.  An  aqueous  solution  of  cane- 
sugar  of  12°  Bm.  is  mixed  with  a  small  quantity  of  milk  of  lime,  and 
heated  to  the  boihng  point,  and  the  juice  is  decanted  from  the  impurities 
which  separate  in  the  form  of  a  crust,  then  filtered  tlirough  bone- 
charcoal,  and  evaporated  in  vacuo.  The  strongly  concentrated  juice 
is  made  to  crystallise  by  moderating  the  heat  and  running  in  small 
quantities  of  untliickened  juice,  whereupon  a  magma  of  sugar-ciystals 
immediately  forms.  To  give  them  the  requisite  hardness,  heat  is  again 
applied,  the  crystalline  magma  is  left  to  drain  in  the  sugar-loaf  moulds, 
and  the  formation  of  small  uniform  crystals  is  promoted  by  stirring 
and  breaking  up  the  crust  which  forms  on  the  surface.  When  the 
crystallisation  is  complete,  the  apex  of  the  mould,  which  has  previously 
been  closed,  is  opened  to  allow  the  syrup  to  drain  off,  and  that  which 
remains  adhering  to  the  crystals  is  displaced  by  pouring  in  pure  sugur- 
syrup.  By  due  desiccation,  the  loaf-sfugar  or  refined  sugar  of  commerce 
is  obtained.  When  purified  sugar-syrup  is  left  to  evaporate  slowly  and 
quietly  in  shallow  vessels,  in  which  threads  are  suspended,  the  sugar 
is  obtained  in  larger  crystals,  called  sugar  candy. 

Formerly,  ox  blood,  milk,  or  white  of  egg  was  used  for  clarifying  syrups.  On  the 
use  of  larger  quantities  of  lime  in  the  preparation  of  sugar,  see  Kuhlmann  {Ann,  Phamt, 
27,17;  Dingl.  IIC,  61);  Rousseau  {Inst,  I860,  330;  Dinffl.  115,457;  116,  297; 
118.  221;  125,  878);  Maumen6  {N.  J.  Pharm.  30,  354;  JV.  Ann,  Chim.  Phya, 
48,  23  ;  Dingl.  143,  285).  —  On  the  use  of  bisulphite  of  lime  in  the  refining  of  sugar, 
previously  recommended  by  Proust,  Dubrunfaut  &  Stolle,  see  Lieb.  Kopp,  Jahresber 
1849,  700;  Dumas  &  Melsens    {Dinffi,  114,375;  115,  212);  Melsens  {N.Ann,  Chim, 
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Phyi,  27,  273;  Ann.  Pharm,  72, 101 ;  Report  on  its  applinabilityi  DinffL  119,  448.) 
On  the  use  of  sulphurous  acid,  see  Calvert  {Uingl.  149,  136);  of  acetate  of  lead  and 
sulphurous  acid,  Scoffern  {DingL  110,  261;  118,  217;  Chem,  Gaz.  1850,  368; 
Pharm.  /.  Trans,  10,  108,  and  184;  also  Lieb,  Kopp.  Jahresber.  1850,  680).  — On 
the  freeing  of  syrup  from  lime  by  soap,  see  Basset  (/>m^/.  147,  129),  also  Stablschmidt 
(DinffL  149,  211);  by  hydrate  of  alumina,  see  Howard  {Dinffl.  19,  384),  M^ne  {Dingl. 
146,  309>,  Cessner  8c  Kletzinsky  {Dingl.  140,  376);  by  phosphate  of  alumina,  Daubeny 
(J,  pr.  Chem,  75,  255);  by  phosphate  of  ammonia,  Kuhlmann  {Dingl.  116,  61);  by 
acid  phosphate  of  lime,  carbonate  of  ammonia,  stearic  acid  or  oleic  acid,  Stammer 
{Dingl.  151,  210)  ;  by  stearic  acid  and  silicic  acid,  Wagner  {Dingl,  153,  377).  On  the 
use  of  chloride  of  calcium,  see  Michaelis  (/.  pr.  Chem.  56,  435). 

I^rom  Molasses,    According  to  Lepray  &  Dnbrunfaut.   A  solution  of  caustic 

baryta  of  30°  Bm.  is  poured  into  the  molasses,  whereupon  the  whole 
solidifies  to  a  crystalline  pulp.  This  is  washed,  treated  with  carbonic 
acid,  and  freed  from  carbonate  of  baryta  by  filtering  and  decantation. 
A  syrup  of  18°  —  22°  Bm.  is  thus  obtained,  which  is  freed  from  the 
last  traces  of  baryta  by  means  of  gj-psum  or  sulphate  of  alumina,  then 
clarified  and  boiled  down  as  above.  (Nickl^s,  JDingL  131,  47.) 

On  the  small  scale.  The  best  process,  according  to  Marggraf,  is  to 
dry  and  pulverise  the  sacchariferous  portion  of  the  plant,  boil  it  with 
2  pts.  of  strong  alcohol,  filter,  and  leave  it  to  cool.  The  filtrate  set 
aside  for  some  time  yields  crystals  of  sugar. 

From  Frvits  likewise  containing  Inverse  Sugar.  The  expressed  fruit-juice 
is  filtered  (after  addition  of  an  equal  quantity  of  alcohol  if  necessary 
in  order  to  prevent  alterations),  then  saturated  with  slaked  hme  and 
again  filtered.  The  filtrate  heated  to  the  boiling  point  and  again  filtered 
at  that  temperature,  leaves  on  the  filter  insoluble  sugar-lime,  which 
after  thorough  washing  with  water,  is  decomposed  by  carbonic  acid. 
The  sugar- solution  is  evaporated  to  a  syrup,  decolorised  with  animal 
charcoal,  mixed  with  alcohol  till  it  becomes  turbid,  and  left  to  crystal- 
lise over  quicklime.  The  insoluble  sugar-lime  produced  at  the  boiling  heat  can- 
not include  more  than  }  of  the  total  quantity  of  sugar  present ;  hence  the  treatment 
with  lime  must  be  repeated.  —  If  the  decomposition  of  the  sugar-lime  with  carbonic 
acid  yields  very  turbid  liquids,  they  must  be  precipitated  with  basic  acetate  of  lead  and 
the  filtrate  treated  with  sulphuretted  hydrogen.     (Buignet.) 

Estimation  of  Cane-sugar.  SacchariTneti^.  If  the  solution  contains 
nothing  but  cane-sugar,  the  specific  gravity  is  observed,  and  the  per- 
centage of  sugar  determined  therefrom  (vid.  inf.).  If  other  substances 
which  affect  the  density  are  likewise  present,  the  quantity  of  cane-sugar 
may  be  determined  :  —  1.  From  the  weight  of  carbonic  acid,  formed  in 
the  vinous  fermentation  of  the  sugar,  or  from  the  quantity  of  alcohol 
thereby  produced.  According  to  older  statements,  100  pts.  cane-sugar 
yield,  after  deduction  of  5-26  pts.  water,  61*44  pts.  carbonic  acid,  and 
53*80  absolute  alcohol)  according  to  Pasteur's  direct  determination, 
49*12  pts.  carbonic  acid  and  51*01  absolute  alcohol,  the  remaining 
'portion  of  the  sugar  being  consumed  in  the  formation  of  glycerin  and 

succinic    acid.     See  below ;  also  Buignet's  description  of  the  process  {N.  Ann.  Ckim. 

Phya.  61,  239) — 2.  From  the  weight  of  cuprous  oxide  which  the  sugar 
can  reduce  from  potassio-cupric  tartrate,  or  from  the  volume  of  a 
standard  solution  of  that  salt  decomposed  by  the  sugar.  For  tliis 
re-action,  the  cane-sugar  must  be  previously  heated  with  acids  to  con- 
vert it  into  inverse  sugar,  which  reduces  the  same  quantity  of  cupric 
oxide  as  grape-sugar  (see  Grape-sugar),  —  3.  From  the  Rotatory  Power  of 
the  solution.    If  the  solution  contains  only  cane-sugar,  or  at  least,  no 
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other  optically  active  substance,  the  amount  of  sugar  may  be  calcu* 
lated  from  the  rotatory  power  in  the  manner  presently  to  be  described 
(p.  246).  Turbid  or  g^mmy  solutions  are  mixed  with  -^  their  volume 
of  isinprlass-solution,  then,  after  agitation,  with  1^  vol.  alcohol,  where- 
upon the  mixture,  without  being  heated,  coagulates,  and  yields  a  filtrate 
adapted  for  observation.  Coloured  solutions  are  decolorised  by  animal 
charcoal ;  but  as  this  substance  (according  to  some  statements)  takes 
up  sugar,  the  first  fourth  of  the  liquid  that  runs  through  is  rejected, 
and  only  the  remainder  used  for  the  observation.  —  If  in  addition  to 
cane-sugar,  the  solution  contains  grape-sugar  (inverse  sugar,  or  any 
other  optically  active  substance,  whose  rotatory  power  is  not  altered 
by  heating  with  acids),  the  amount  of  cane-sugar  may  be  determined 
by  observing  the  rotatory  power  of  the  solution  both  before  and  after 
inversion  (p.  244),  the  temperature  being  likewise  observed  in  the 
latter  case.  The  first  observation  having  been  made,  100  c.  c.  of  the 
solution  are  mixed  with  10  c.  c.  fuming  hydrochloric  acid,  the  mixture 
heated  to  68^,  and  kept  at  that  temperature  for  a  quai*ter  of  an  hour. 
Since  the  rotatory  power  of  the  solution  cooled  to  the  original  tem- 
perature (supposing  the  observation  to  have  been  made  in  a  tube 
longer  by  one-tenth  than  the  former),  remams  unaltered  in  so  far  as  it 
was  due  to  the  grape-sugar,  whereas  the  cane-sugar  has  been  replaced 
by  inverse  sugar,  the  amount  of  cane-sugar  may  be  calculated  from 
the  rotatory  power  peculiar  to  this  inverse  sugar,  as  follows:— The 
rotatory  power  (a)  observed  before  inversion  was  made  up  of  the 
molectdar  rotatory  power  (c)  of  the  cane-sugar  (C),  and  that  of  the 
grape-sugar  {g  G) ;  therefore 

a  =  cC  -j-  gO. 

The  rotatory  power  (a)  observed  after  inversion  is,  in  like  manner, 
made  up  of  the  unaltered  rotatory  power  of  the  grape-sugar  (g  Cf)j 
and  that  of  the  inverse  sugar  {%  C) ;  therefore 

Consequently  the  dijfference,  a  —  a',   of  the  rotations  observed 
before  and  after  inversion  is  equal  to  c  C —  i  C 

or,  finally,— 

Suppose  for  example  a  sugar-solution  before  inversion  turns  the  plane 
of  polarisation  25'96'*  to  the  right,  and  after  inversion,  S'SO*  to  the 
right  at  a  temperature  of  14°  ;  then  a  =  25*96  and  a  =  6*80.  Now 
the  molecular  rotatory  power  of  cane-sugar  (c)  is  73-8°,  that  of  grape- 
sugar  66°,  that  of  inverse  sugar  (or  more  exactly,  the  rotatoiy  power 
of  that  quantity  of  inverse  sugar  which  would  be  produced  from  the 
unit  of  weight  of  cane-sugar  adopted  in  determining  the  molecular 
rotatory  power  of  cane-sugar)  is— 27°  at  the  temperature  of  14° :  con- 
sequently 

_      25^96- 5-80  ^         20-16 

^=73-8    -h27       ^^     ^="100^=  ^'2^' 

which  quantity  therefore  gives  the  number  of  parts  by  weight  of  cane- 
sugar  contained  in  a  unit  of  weight  of  the  solution  emploved,  or  when 
multiplied  by  100,  the  percentage  of  cane-sugar  in  the  solution. 


CANE-SUGAB.  245 

Suppose  another  Bugar-solution,  before  inversion  to  turn  the  plane 
of  polarisation  Q'Se*"  to  the  right,  and  after  inversion  lO'SO*"  to  the 
left  ( =  —  10-80°  to  the  right).  In  this  case,  a  =  9-36 ;  a  = 
—1 0-80) ;  a  —  a'  =  9-36  +  lO'SO  =  20-1 6,  which  number  divided  by  100-8 
again  gives  0*2,  or  20  p.  c.  of  cane-sugar  in  the  solution.  If,  in  both 
cases,  the  nature  of  the  second  optically  active  substance  present  in 
addition  to  the  cane-sugar  is  known,  its  quantity  may  be  determined 
from  the  observations  just  described ;  if,  on  the  other  hand,  its  quantity 
is  previously  known,  its  nature  may  be  determined ;  thus  it  might  be 
inferred  that  grape-sugar  was  present  in  the  first  case,  besides  the  cane- 
sugar,  in  the  original  solution,  and  inverse  sugar  in  the  second.  This 
mode  of  proceeding,  however,  is  admissible,  only  when  the  deflection  after 
inversion  has  been  observed  at  a  temperature  for  which  the  molecular 
rotatory  power  of  the  inverse  sugar  (which  varies  with  the  temperature, 

has  been  previously  determined.  According  to  Biot  (Compt,  rend.  15,  523, 
61 9«  aod  694;  17,  755)  and  Clcrget.  See  Clerget's  method  {N  Ann,  Chinu  Phyt. 
26y  175  ;  Ann.  Pharm,  72,  145  ;  abstr.  Compt,  rend.  23,  259  ;  Lieh.  Kopp.  Jahresber. 
1849,  126).  This  method  presupposes  the  use  of  Soleil's  saccharimeter,  and  Clerget 
denotes  by  100  the  deflection  produced  by  1  mm.  quartz,  or  200  mm.  of  a  normal 
sugar-solution  containing  16*471  grm.  cane-sugar  in  100  cubic  centimetres. 

Properties,  Large,  transparent,  colom-less  crystals,  belonging  to 
the  monoclinic  system.  Fig.  83  without  t.  Combination  of  a  rhombic 
prism  «  with  the  acute  lateral  edges  of  the  oblique  basic  end-face  f, 
truncated  by  m.  More  complex  crystals  likewise  exhibit  a  back 
oblique  end-face /(-F^^*  ^)  *s  well  as  the  front  oblique  end-face /(not 
shown  in  the  figure)  between  t  and  m ;  also  the  prism  a  parallel  to 
the  clinodiagonal,  for  the  most  part  developed  on  the  left  side  only. 
The  crystal-electricity  (i,  819)  takes  the  direction  of  these  faces 
(according  to  Hanke),  inasmuch  as  when  the  temperature  is  lowered, 
the  antilogous  (negative)  pole  appears  on  that  side  of  the  crystal  on 
which  the  two  a  faces  are  developed. — Rammelsberg  obtained  the  prisma 
perfectly  developed  from  a  solution  containing  chloride  of  sodium.  He 
further  observed  the  octahedral  faces  o  (which  truncate  the  edges  i :  u 
and  lie  in  the  same  zone  with  m)  corresponding  to  the  similarly 
situated  o '-faces  behind.  These  two  faces  have  hitherto  been  found 
only  on  the  left  side.  The  crystals  are  generally  tabular,  from  the 
extension  of  m  in  the  direction  of  right  and  left:— «:«  =  101°  32' 
(Wolff),  101°  80'  (Rammelsberg) ;  m  :  i=  108°  80'  (W.),  108°  IT  (R.); 
«!:/'  =  184°  28'  (R.);  i:/=  140°  40'  (R.);  f»:/=115°  33'  (R.); 
i:/=  141°  0'  (W.),  141°  48'  (R.).  Cleavage  distinct  parallel  to  m. 
Twin  crystals  have  the  faces  m  common  to  both,  the  oblique  summits  i 
lie  reversed,  and  the  left  sides  of  the  crystals  are  turned  towards  each 
other.  The  plane  of  the  optic  axes  is  perpendiculai*  to  m  and  t  (Miller, 
Pogg,  56,  630) ;  one  optic  axis  makes,  with  the  perpendicular  to  7»,  an 
angle  of  about  1°  26'  towards  the  lower  side ;  the  other  lies  about  50° 
above  it.  (Wolf,  J.  pr,  Chem.  28, 129 ;  Rammelsberg,  Haiidlmch,  Berlin, 
1855,  897 ;  comp.  also  von  Kobell,  Repert.  84,  279 ;  Hankel,  Pogg.  49, 
495 ;  Kopp,  Einteitung,  Braunschweig,  1849,  812 ;  Berthelot,  N.  Ann. 
Chim.  Phya.  55, 287.) 

Molecular  rotatory  power  *  [«!;  =  78*84  to  the  right  (Dubrunfaut, 

*  We  must  here  add  to  what  has  been  already  said  (vii.  64)  about  circular  polarisa- 
tion,  the  explanation  of  tlie  expressions  used  in  the  text,  -—  molecular  rotatory  power ^ 
specific  rotatory  power,  or  of  tiie  symbol  [a]  used  to  stand  for  these  expressions.    By 
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Compt.  rend.  42,  901);  71-26,  or  [oi\r  =  54-636  (Biot,  CompU  retvL  15, 
625  and  706).  According  to  Dubrunfaut,  Blot's  cane-sugar  was  not 
perfectly  pure.  Comp.  also  WilheUny  (Fogg,  81,  527 ,  Lieb.  Kopp, 
Jahresber.  1850,  176).  The  rotatory  power  varies  but  little  with 
changes  of  teraperature.    (Ventzke.) 

Sp.  gr.  1-6065  (Fahrenheit),  1-63  (Dubrunfaut.),  1-593  at  3-9'* 
(Joule  &  Play f ah-,  Chem,  Soc.  Qu.  J^  1,  121);  sp.  gr.  of  the  crystals. 
1-58,  of  the  powder,  1-61  (Kopp) ;  of  sugar-candy,  1-58933  at  13°,  of 
melted  barley-sugar,  1-5092  (Biot,  Ann.  Phamu  52,  195).  Harder  than 
any  other  kind  of  sugar  except  milk-sugar ;  emits  light  when  struck 
in  the  dark. 


molecular  rotatory  power  is  understood  tfae  number  of  degrees  through  which  a  stra- 
tum of  the  pure  substance,  100  millimetres  thick,  would  rotate  the  plane  of  polarisation, 
supposing  its  sp.  gr.  were  =1.  This  [a]  being  known » the  rotation  a  of  the  plane  of 
polarisation,  caused  by  a  stratum,  100  mm.  thick,  of  a  solution  containing  c  grammes  of 
substance  in  1  gramme  solution  is  expressed  by  a^ila"},  supposing  that  tfae  sp.  gr.  of 
the  solution  is  1.  If,  however,  the  sp.  gr.  »  S,  we  have  a  »  c  [a]  d.  If  the  thickiiesa 
of  the  stratum  is  X  times  100  mm.,  a  finally  becomes  =  e[a]^X. — If  the  rotation  a  hat 
been  found  by  experiment,  the  quantity  of  substance  c  in  1  gramme  solution,  and  hence 

the  percentage  contained  in  the  solution,  is  giyen  by  the  equation  c  ^  .  —  If,  on 

[aJoX 

the  other  hand,  it  is  desired  to  determine  the  molecular  rotatory  power  [a] ,  we  have 
the  equation  [a]  »  — ^. 

Examples.    1.  The  specific  gravity  of  a  solution  of  grape-sugar  ([a]  »  57*6)  is 

found  to  be  1*048,  and  its  rotatory  power,  in  a  tube  2  decimetres  long,  13*7  degrees, 

13.7 
Hence  1  gramme  of  the  solution  contains  c  »  ---- — - — ,  ^  ^  «=  0*1 1347  gnus,  grape- 
®  57*6x2x1-048  *         ^    ^ 

sugar,  or  the  solution  contains  11-347  p.  c. 

2.  By  dissolving  11*347  grms.  grape-sugar  in  88*653  grms.  water,  a  solution  is 
obtained  whose  sp.  gr.  is  1*048,  and  whose  rotatory  power,  in  a  tube  2  decimetres  long, 
is  13*7  degrees.  Hence  the  molecular  rotatory  power  of  grape-sugar  is  given  by  the 
equation : — 

[a]  « — =  67-6. 

^  -^       0-11347  +  2  +  1048 

If  (as  is  usually  the  case)  the  solution  is  prepared  by  weighing  out  a  certain  quantity  of 
substance  and  making  up  the  solution  to  a  known  measure,  either  the  specific  gravity 
must  be  determined,  and  hence  the  percentage  amount  contained  in  the  solution  calcu- 
lated ;  or  else  (according  to  Berthelot)  the  molecular  rotatory  power  is  calculated  from 
the  observed  rotation  (a),  the  weight  in  grammes  (jf)  of  the  dissolved  substance,  the 
volume  of  the  solution  in  cubic  centimetres  (V)  in  which  p  is  contained,  and  the  length 
(/)  of  the  tube  expressed  in  decimetres,  by  aid  of  the  formula  (deduced  from  that  given 
above), — 

[a]  «  a  y_. 

Example.  11*892  grms.  grape-sugar  is  dissolved  in  water,  the  solution  made  up  to 
100  cubic  centimetres,  and  the  rotation  is  found  to  be  13*7  degrees  in  a  tube  of  2  deci- 
metres.    Hence  the  molecular  rotatory  power  is — 

[a]  «  13*7  ^-T^«  -  13-7  +  4-205  =  57*6. 
2 -I- 11-892 

The  statements  in  the  text  relative  to  the  value  of  [a]  apply  either  to  the  red  ray, 
and  are  then  denoted  by  [ajr,  or  to  the  yellow  ray  (equivalent  to  the  transition-tint 
between  blue  and  violet),  and  are  tlien  denoted  by  [a]  or  [a] J.  Almost  all  the  modern 
determinations  refer  to  the  transition-tint;  those  which  reter  to  the  red  ray  become 
comparable  with  the  others,  according  to  Biot,  after  multiplication  by  |f .    (Kr*) 
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Many  other  chemists  have  also  analysed  cane-sugar;  for  example  Front,  Gay- 
Lossac  &  Th6nard,  Ddbereiner,  W.  Crum,  Berthollet,  Herrmann,  Branner  {Pogg.  34, 
333),  O.  Henry  &  PlUson  (J.  Pharm,  16,  597),  Erdmann  &  Marchand  {J,pr,  Chem. 
23,  174),  Feligot  (ilnii.  Chim.  Phya.  67,  113). 

Sugar-candy  and  refined  sugar  prepared  from  mangold-vurzel,  cane-j  and  maple- 
sugar  have  been  examined  with  like  results. 

Liebig  {Pogg,  31,  34 1 ;  Ann,  Pharm.  9,  21)  first  gave  the  correct  formula,  deducing 
it  from  the  produots  of  decomposition.  This  formula  was  adopted  by  Berzelius 
(Jahresber.  15,  291).  Earlier  formulae :  Ci*H"*0"  (BerxeUus),  C«H«0«  (Dobereiner), 
C*p*0»  (Dumas  &  BouUay),  (PH^G^  (Prout.) 

Decompositions.  1.  Cane-sugar  melts  at  160°  or  161°  (at  180°: 
Peligot),  without  losing  weight,  to  a  clear,  pale  yellow  liquid,  from 
which  only  part  of  the  sugar  can  be  regained  in  the  crystaUised  form. 
(Berzelius,  Fogg.  47,  321).  If  the  melted  mass  is  kept  at  the  same 
temperature  for  a  long  time,  it  is  decomposed,  without  loss  of  weight, 
into  levulosan  and  dextro-glucose ;  C»*H»0»  =  C"H'oO^'>  -f  C»H»0^». 
(Gelis.) 

Melted  sugar  has  the  appearance  of  fruit-sugar,  but  reduces  only 
half  as  much  potassio-tartrate  of  copper  as  an  equal  weight  of  glucose. 
Only  one-half  of  it  is  fermentable,  the  glucose  being  destroyed  by 
fermentation  and  the  levulosan  remaining  in  solution.  It  deflects 
the  plane  of  polarisation  [a]j  =  35°  to  38"  to  the  left,  about  as  much 
as  a  mixture  of  equal  atoms  of  levulosan  and  glucose  would  deflect  it. 
(Gehs,  Compt.  rend,  48,  1062.) 

Sugar,  melted  in  a  chloride-of-zinc  bath  at  160°,  has  a  smaller 
molecular  rotatory  power  than  cane-sugar,  does  not  crystallise  again, 
deliquesces  in  the  air,  is  easily  soluble  in  absolute  alcohol,  and  ferments 
with  yeast.  (MitscherUch,  Fogg.  55,  222  ;  Berz.  Jahresher,  22,  482.) 
Melted  sugar  has  not  the  same  specific  heat  as  cane-sugar  (Hermann, 
J.  pr.  Chem.  12,  295),  nor  amorphous  sugar  the  same  melting  point  as 
crystalHsed  sugar.  (Wohler,  Ann.  Fharm,  51,  755.)  —  When  cane- 
sugar  is  melted  with  a  httle  water,  as  for  the  preparation  of  barley- 
sugar  or  of  bonbons,  at  a  temperature  which  does  not  exceed  165°,  it 
solidifies  on  cooHng  to  a  vitreous  mass,  consisting  mainly  of  cane-sugar 
containing  enclosed  water.  In  the  coui'se  of  time,  this  water  dissolves 
particles  of  the  cane-sugar,  which  afterwards  crystallise  out  (because 
an  amorphous  body  is  more  easily  soluble  in  water  than  a  crystallised 
body),  until,  by  continued  alternate  solution  and  ciystallisation,  the 
whole  mass  has  becfjme  crystalline.  (Mitscherlich.)  If  melted  sugar  in 
the  vitreous  state  is  allowed  to  cool  to  38°,  and  then  quickly  and  often 
drawn  out,  doubled  together  and  drawn  out  again  imtil  it  forms  a 
mass  of  threads,  its  temperature  rises  in  two  minutes  from  40°  to  80°, 
and  it  becomes  a  crystaUine  mass.  Barley-sugar  and  bonbons  are 
transformed  into  a  similar  mass  by  long  keeping.  (Graham.)  —  Cane- 
sugar  melted  with  a  very  small  quantity  of  water  acidulated  with 
acetic  acid,  so  that  it  solidifies  to  a  vitreous  mass  of  sp.  gr.  1*509, 
rotates  the  plane  of  polarisation  more  feebly  than  unaltered  cane- 
sugar,  and  somewhat  more  feebly  in  the  solid  state  than  when  again 
dissolved.     (Biot,  Ann.  Fhann.  62,  195.) 
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Caue-sugar,  heated  above  180°,  becomes  brown  and  loses  weight, 
and,  if  then  exposed  to  the  air,  absorbs  more  water  than  it  had 
lost,  deliquesces,  and  behaves  with  alkalis  like  glucose.  (Peligot.) 
Browning  first  takes  place  when  the  sugar  is  continuously  heated  to 
160°;  no  loss  of  weight  occurs,  because  the  water  which  is  set  free 
converts  the  still  remaining  levulosan  into  Isevo-glucose.    (G^lis.^ 

Cane-sugar,  heated  for  a  long  time  to  between  210°  and  220°,  froths 
uj),  becomes  continually  darker  and  darker  brown,  evolves  a  large 
(Quantity  of  water  containing  traces  of  acetic  acid  and  volatile  oil 
(f urf urol :  Volckel)^  and,  when  the  frothing  has  ceased,  is  converted 
into  caramel,  with  which  unaltered  sugar  and  a  bitter  substance 
(assaraar)  are  sometimes  mixed.  At  a  higher  temperature,  or  when 
the  heat  is  too  long  continued,  further  loss  of  water  occurs  and  a  sub- 
stance insoluble  in  water  is  produced.  (PeUgot.)  At  250°  the  residue 
of  the  sugar  is  still  for  the  most  part  soluble  in  water,  and  only  a 
small  quantity  of  the  insoluble  substance  (Volckel*s  caramelane)  is 
formed;  this  body  is  produced  more  abundantly  between  250°  and 
300°,  products  of  further  decomposition  being  formed  at  the  same  time. 
(Volckel.)  As  low  as  190°,  three  products  are  successively  produced 
from  cane-sugar ;  the  first  of  them,  caramelane,  constitutes  the  chief 
part  of  the  residue  when  the  loss  of  weight  amounts  to  10  p.  c. ;  when 
the  loss  is  14  or  15  p.  c,  caramelene  is  obtained ;  when  it  amounts  to 
20  p.  c,  scarcely  anything  but  carameUn.  (Grelis.)  Reichenbach's 
assamar  is  also  produced  by  the  roasting  of  cane-sugar  (by  heating  to 
225°  :  Fohl).     See  also  Mulder  (/.  pr.  Chn».  16,  245). 

On  treating  with  alcohol  the  residue  obtained  by  heating  cane-sugar 
or  glucose  in  an  oil-bath  to  210**  or  220°,  unaltered  sugar  and  bitter 
tasting  substances,  are  dissolved,  and  PeUgot's  caramel  remains  behind 
as  a  tasteless,  black,  shining  mass,  containing  when  dried  at  180°,  on 
an  average,  46*65  p.  c.  carb.,  6-18  hydr.,  and  47*17  oxyg.,  correspond- 
ing to  the  formula  (?*ff'0*',  which  requires  47*06  p.  c.  carb.,  6*88  hydr., 
and  47*06  oxyg.  It  is  soluble  in  water,  precipitable  by  baryta- water 
and  anunoniacal  sugar    of  lead,  not  fermentable,   and  insoluble  in 

alcohol.  (PehgOt.)  8eealsoPohl.(Frt«i.-4*iwf.Bcr.4l,623;  J:;w.C*«m.82,148.) 

If  the  caramel  is  extracted  by  water  from  the  residue  obtained  by 
heating  cane-sugar  to  250°,  caramelane  remains  as  a  black  substance 
insoluble  in  alcohol,  partially  soluble  in  potash-ley,  containing  55*09  p.  c. 
carb.,  5*14  hydr.,  and  39*77  oxyg.,  answering  to  the  formula  C"*H**0", 
which  requires  55*17  p.  c.  carb.,  4*98  hydr.,  39*85  oxyg.  (Yolckel, 
An7i.  Pluxnn,  85,  94.)  According  to  G^lis,  both  these  substances  arc 
mixtui^es :  vid,  infr. 

Keichenbach'8^58a/;tar(Comp.  VSlckel's  Anamar,  p.  50).  The  bitter 
substance  produced  by  roasting  sugar.  —  It  is  formed  by  the  roasting 
of  gum,  starch,  glutin,  gelatin,  albiunin,  and  flesh,  and  in  the  roa49ting, 
baking,  or  frying  of  eatables  containing  these  substances.  —  Reichen- 
bach  heats  either  of  these  substances, — ^unsalted  wheat-bread  answera 
best, — on  a  hot  hearth- plate,  until  it  becomes  brown ;  breaks  it  up 
while  still  warm ;  allows  the  powder  to  cool  out  of  contact  with  air ; 
and  exhausts  it  vnth  absolute  alcohol.  He  separates  the  alcohol  by 
distillation;  heats  the  residue  moistened  with  water  to  100°;  allows  it 
to  cool  very  slowly ;  removes  the  fat  which  has  separated  out ;  neutra- 
lises with  milk  of  hme;  heats  to  boiling,  and  adds,  by  small  portions  at 
a  time,  20  or  30  measures  absolute  alcohol,  or  so  much  that  the  precipitate 


CANK-SUGAR.  249 

which  ifi  at  first  produced  does  not  re-dissolve,  even  on  boiling.  After 
removing  the  alcohol  from  the  cooled  clear  solution  by  distillation,  tlie 
residue  is  repeatedly  dissolved  in  hot  alcohol  as  often  as  anything  is 
deposited  from  the  solution  on  cooling ;  ether  is  added  to  the  clear 
solution  in  small  quantities,  as  long  as  the  pi*ecipitate  produced  has 
a  sweet  taste ;  and  the  assamar,  which  remains  dissolved  through  all 
these  operations,  is  obtained  by  evaporating  the  ether  and  alcohol,  and 
finally  drying  in  small  quantities.  —  Solid,  transparent,  amber-yellow, 
amorphous  gum,  brittle  and  having  a  conchoidal  fracture.  Neutral.  — 
It  is  decomposed  when  heated  alone  or  with  water,  loses  its  bitterness, 
and  is  transformed  into  the  substance  which  is  separated  by  alcohol 
in  the  preparation  of  assamar.  —  Assamar  is  decomposed  by  chlorine^ 
when  heated,  losing  its  colour ;  by  hot  nitric  acid^  without  formation  of 
mucic  or  of  oxalic  acid ;  by  oil  of  vitiHol  with  blackening,  not  by  dilute 
sulphuric  acid.  Not  altered  by  cold  potash-ley ;  when  boiled  therewith 
it  loses  its  bittern<!Bs,  which  acids  do  not  restore.  It  reduces  nitrate 
of  silver,  throws  down  a  blue-black  precipitate  from  chloride  of  gold,  and 
cuprous  oxide  from  acetate,  not  from  sulphate  of  copper.  Not  ferment- 
able. —  Assamar  is  hygroscopic,  deliquescent,  soluble  in  water  in  all 
proportions,  and  not  predpitable  by  acids,  alkalis,  alkaHne-earths,  borax, 
tincture  of  galls,  or  isinglass.  It  dissolves  slowly  and  sparingly  in  cold, 
abundantly  in  boiling  absolute  alcohol,  and  is  partially  precipitated  by 
ether.  (Reichenbach,  Ann.  Pharm,  49,  1.)  Fcm\{Wien.  Akad.Ber.  41, 
623),  having  found  that  a  purely  bitter  alcoholic  extract  of  cane-sugar 
heated  to  228^  acquired  a  sweet  taste  when  dissolved  in  water  and  so 
preserved  for  some  years,  supposes  assamar  to  be  capable  of  regene- 
rating glucose. 

2.  Cane-sugar  subjected  to  dry  distillation,  froths  up  strongly  at 
about  250'*  or  300°,  after  having  been  previously  transformed  into 
cai-amel,  and  yields  at  first  a  slightly  sour,  yellow-distillate ;  then  a 
darker  coloured,  turbid  distillate  ;  and,  at  last,  one  which  is  viscid  and 
strongly  acid.  When  it  is  slowly  heated,  gases  first  make  their 
appearance  towards  the  end  of  the  distillation,  amounting  to  12  or 
18  p.  c.  of  the  sugar,  while  a  vesicular,  carbonaceous  residue  amounting 

to  32  or  34  p.  C.  remains. — Comp.  also  Cmikshank  {Seher.  J.  1,  637);  Vauque- 

lin  (fin//.  PAorm.  3, 49).  —  The  ^oa  which  escapes  at  first  is  nearly  pm-e 
carbonic  acid;  afterwards  carbonic  oxide  and  marsh-gas  are  mixed 
with  it.  (Volckel,  Ann,  Pharm,  86,  63).  —  The  aqueous  distillate 
(VolckeVs  sugar-vinegar)  becomes  clear  on  standing  from  the  separation 
of  a  viscid  oil.  This  yields,  by  fractional  distillation,  a  very  volatile, 
yellowish  liquid,  which  contains  aldehyde  {Ann,  Pluxrm,  87,  303), 
acetone,  and  acetic  add,  and  is  followed  if  the  distillation  is  continued, 
by  a  mixture  of  acid  water  and  yellow  oil,  while  a  red-brown  liquid 
(VolckePs  sugar-tar)  remains.  —  The  yellow  oil,  distilled  with  water 
after  addition  of  pot-ash-ley,  dried,  and  then  rectified  alone,  yields, 
between  100°  and  150°,  a  distillate  which  has  a  density  of  1*005  at  Ib^ 
and  amounts  to  -jJ^  of  the  whole  quantity;  this  product  is  neutral, 
precipitates  silver  from  ammoniacal  nitrate  of  silver,  and  turns  brown 
and  is  destroyed  by  contact  with  potash-ley.  The  remainder,  which 
distils  between  160°  and  180°,  contains  chiefly  furfurol  (x,  371)  (of 
various  kinds,  according  to  Volckel),  together  with  a  small  quantity  of 
an  oil  which  is  unalterable  by  potash,  and  traces  of  oU  of  bitter 
almonds,  recognisable  by  the  smelL  —  Furfurol  can  still  be  extracted 
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ganale  into  carbonate  of  potash  (Licbig  &  Pelouze,  Ann.  Pkarm. 
19,  279  ;  Gregory  &  Demar^ay).  If  the  solution  contains  only  0*5  — 
1  p.  c.  sugar  it  remains  unchanged  (Monier,  Compt.  rend.  46,  577). 

If  3  pts.  dry  chloride  of  lime  are  added  to  a  mixture  of  2  pts.  cane- 
sugar  and  1  pt.  hydrate  of  lime,  and  then  enough  water  to  form  a  stiff 
mud,  the  mass  becomes  heated  after  some  time,  swells  up,  evolves 
chlorine,  and  on  addition  of  more  water,  forms  a  bulky  jelly,  which,  in 
addition  to  substances  not  yet  determined,  contains  lime-compounds  of 
hypochlorous,  carbonic,  chloracetic  and  pectic  (?  Kr.)  acids.  —  When 
twice  as  much  chloride  of  lime  is  used,  the  re-action  is  less  violent  and 
mahc  acid  is  produced.  (Schoonbrodt,  Bull.  Soc.  Chim.  Fctris,  1861,  77.) 

Schoonbrodt  gives  the  following  equations  :  a,  for  the  formation  of  pectic  (or  parapectic) 
acid,— 2C  2H"0"  +  3(CaO,C10)  «  C?^HW02^2HO  +  3CaCl  +  5HO;— *,  for  the 
formation  of  malic  acid,  —  C^^H^O"  +  3(CaO,C10)  «  3(C<H«0*,H0)  +  2HO  + 
3CaCl. 

6.  Cane-sugar  distilled  with  sulphur  evolves  sulphuretted  hydrogen, 
combustible  gases,  and  allows  a  metacetone-like  liquid  to  distil. 
(Hlasiwetz,  Wten.  Akad.  Ber.  5,  184.)  Similar  products  are  obtained 
with  sulphide  of  potassium  or  of  calcium. 

7.  Iodine  is  decolorised  by  ebullition  with  solution  of  cane-sugar  and 
transformed  into  hydriodic  acid.  (Lassaigne,  J.  Chim.  mid.  9,  654.) 
—  When  equal  numbers  of  atoms  of  bicarbonate  of  potash  and  of 
iodine  are  added  one  after  another  to  aqueous  cane-sugar,  iodoform  is 
produced  on  wanning.  (Millon,  Compt.  rend.  21,  828 ;  J.  pr.  Chem. 
37,  53.)  —  Cane-sugar  is  decomposed  exactly  into  carbonic  acid  and 
water  when  heated  with  aqueous  iodic  acid  to  100°  for  24  hours.  The 
presence  of  prussic  acid,  but  not  that  of  yellow  or  red  prussiate  of 
potash,  prevents  this  decomposition.  (Millon,  Compt.  rend.  19,  271 ; 
N.  Ann.  Chim.  Phys.  13,  87.) 

7  a.  Bromine  acts  on  cane-sugar  in  the  same  way  as  chlorine 
(Rouchas,  /.  Pharm.  17,  116) ;  it  exerts  no  oarticular  action.  (Balard, 
Ann,  Phys.  32,  346.)  Cane-sugar  heated  witn  bromine  and  water  to  100® 
in  a  sealed  tube,  till  all  the  bromine  has  disappeared,  yields  hvdrobromic 
acid,  a  brown  liquid  and  humus-like  products.     (Barth  &  Mlasiwetz.) 

8.  Dry  chlorine  gas  does  not  act  on  cane-sugar,  even  at  100** ;  but  in 
damp  chlorine,  sug^r  acquires  a  smell  of  hydrochloric  ether  without 
altering  its  form.  (Liebig.)  Powdered  sugar  absorbs  chlorine  slowly, 
and  is  changed,  with  simultaneous  formation  of  carbonic  acid,  into  a 
brown,  strong-smelling  mass,  which  deliquesces  in  the  air  with 
formation  of  hydrochloric  add.  (Priestley,  Bouillon,  Vogel.)  —  The 
brown  mass  into  which  chlorine  slowly  converts  sugar  in  the  cold, 
more  quickly  at  100°,  is  partially  soluble  in  water.  (Maumene,  Compt. 
rend.  30,  314.)  —  By  the  action  of  chlorine  on  an  aqueous  solution  of 
sugar  for  eight  hours,  -j^th  part,  at  most,  is  decomposed,  with  forma* 
tion  of  carbonic  acid  (Liebig,  Pogg.  15,  570).  Aqueous  chlorine  con- 
verts sugar  into  malic  and  hydrochloric  acids  (Chenevix),  into  the  same 
acid  as  that  which  is  likewise  produced  from  gum  (p.  199)  (Simouin, 
Ann.  Chim.  Phys.  50,  322).  —  Solution  of  cane-sugar  saturated  with 
chlorine,  and  heated  with  potash  after  24  hours,  is  coloured  yellow  and 
red.  (Rouchas,  J.  Pharm,  17,  116.) — With  hypochlorous  acid^  sugar 
forms  hydrochloric  acid,  a  small  quantity  of  carbonic  acid,  and  an  acid 
liquid.    (Balard.)  —  Cane-sugar,  mixed  with  its  own  weight  of  chloride 
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of  lane^  becomes  heated  and  explodes  after  a  few  minutes  with  vivid 
deflagration.  If  1  oz.  chloride  of  lime  is  mixed  with  8  oz.  water,  and 
1  oz.  sugar  is  added  to  the  filtrate,  the  liquid  becomes  hot,  and,  after  a 
few  minutes,  carbonic  acid  is  evolved,  the  bleaching  power  disappears, 
and  the  acid  liquid  deposits  a  little  oxalate  of  lime.  (Hunoult- 
Desfontenelles,  J\  Chim,  med.  18,  23.)  No  chloroform  is  thus  produced. 
(Cbautard,  N,  J.  Fkarm,  27,  180.)  —  Chloride  of  lime  converts  sugar  in 
an  alkaline  solution  into  pectic  and  lactic  acids.  (Schoonbrodt,  Compt. 
rend.  52,  1071.)  Concentrated  solution  of  cane-sugar  becomes  heated 
when  mixed  with  1  pt.  chloride  of  lime  and  3  pts.  water,  and  yields 
formic  acid  if  the  chloride  of  lime  was  neutral ;  carbonic  acid  and 
water,  if  it  contained  excess  of  hydrate  of  lime.  (Bastick,  N.  J.  Pharm. 

14,  20.)     See  page  252. 

9.  Cane-sugar  does  not  absorb  gaseous /uanefe  of  boron  until  it  is 
heated,  and  it  then  becomes  black.  -(Berthelot,  N.  Ann.  Chim.  Phys. 
88,  58.) 

■ 

10.  The  solution  of  cane-sugar  in  water  partially  loses  it  dextro^ 
rotatory  power  at  the  common  temperature  by  standing ;  at  last,  it 
loses  it  entirely,  and  acquires  a  rotatory  power  towards  the  lefjb,  the 
cane-sugar  being  converted  into  inverse  sugar.  (Maumen^.)  Accord- 
ing to  Hochstettcr,  this  change  does  not  occur  if  air  is  excluded,  but 
more  quickly  in  proportion  as  the  air  has  freer  access ;  according  to 
Bechamp,  it  is  only  a  consequence  of  the  formation  of  mould,  and  is 
therefore  prevented  by  the  presence  of  creosote.  Aqueous  solution  of 
sugar  may  be  kept  for  weeks  without  alteration  if  protected  from  the 
air,  but  if  exposed  to  the  air,  it  contains,  after  3  days'  traces  of  inverse 
sugar  which  afterwards  increase.  When  the  air  has  easy  excess,  aa 
when  the  sugar-solution  flows  over  broken  glass,  scarcely  anything 
but  non-crystaUisable  sugar  remains  after  so  short  a  time  as  36  hours 
(Hochstetter,  J.  pr.  Ckem.  29.  21).  An  aqueous  solution  of  sugar- 
candy  containing  16*35  grms.  sugar  in  100  cc.  possesses,  after  stand- 
ing for  10  months  at  the  common  temperature,  only  22  p.  c.  of  its 
original  rotatory  power ;  after  a  year,  it  has  a  Isevo-rotatory  power 
equal  to  38  p.  c.  of  its  original  dextro-rotatory  power.  A  similar  solution 
prepared  with  loaf-sugar  is  somewhat  more  stable,  because  it  contains 
a  small  quantity  of  Hme.    (Maumene,  Compt.  rend.  39,  914). 

Cane-sugar  is  converted  by  very  long  boiling  with  water  into 
dextro-  and  Isevo-gluoose.  (Pelouze  &  Malaguti,  1836,  Ann.  Chim.  Phys. 
59,  416).  According  to  Malaguti,  laevo-glucose  (fruit-sugar)  is  thus 
produced  at  first,  and  afterward^  changed  into  dextro-glucose ;  accord- 
ing to  Bouchardat,  dextro-glucose  is  never  formed,  but,  after  60  hours' 
boiling,  a  non-crystallisable  syrup,  which  can  then,  especially  at  110°, 
pass  into  a  pecuHar  bitter-sweet  gum-sugar.  According  to  Dubrunf aut's 

experiments  (Vid,  infr,,  p.  254.  —  Decompositions  by  acidF.),  the  formation  of 

dextro-  and  leevo-glucose  unquestionably  occurs  simultaneously,  as  is 
also  admitted  by  Maumen^  and  Bechamp.  —  This  transformation  of 
cane-sugar  takes  place  at  90° — 100°  (Th^nard),  if  air  is  excluded,  without 
the  formation  of  acid  or  of  colouring  matter  (Soubeiran),  but  the  passage 
of  air  through  the  boihng  solution  of  sugar  causes  rapid  decomposition. 
(Hochstetter.)  -Solution  of  sugar  of  25°  B.  boiled  for  1  or  2  hours,  the 
evaporated  water  being  replaced,  contained  traces  of  transformed 
sugar,  perhaps  arising  from  previous  formation  of  formic  acid.  The 
transformation  once  beg^un  proceeds  rapidly,  an  add  being  formed 
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which  does  not  redden  litmus,  though  it  neutralises  alkalis.  fHoch- 
stetter,  J.pr,  Chern.  29,  21.)  —  Solution  of  sugar-candy  lost  from  3^  to 
4  p.  c.  of  its  rotatory  power  when  heated  for  3  hours  in  the  water-bath. 
(Maumen^,  Compt,  rend,  39,  914).  If  solution  of  sugar  is  boiled,  the 
water  which  evapoi-ates  being  replaced,  its  dextro-rotatory  power 
becomes  weaker  and  weaker,  and  is  at  last  quite  lost.  At  this  point, 
and  until  the  subsequent  Isevo-rotatory  power  has  not  arrived  at  its 
maximum,  the  Hquid  still  contains  unaltered  cane-sugar,  for  addition  of 
acids  still  increases  the  leevo-rotation.  When  the  transformation  is 
complete,  for  which  114  hours*  boiMng  is  necessary,  longer  boiling 
causes  the  formation  of  formic  and  acetic  acids  and  (even  in  a  stream 
of  carbonic  acid)  a  dark  coloration  ;  at  last  the  liquid  becomes  opaque, 
and  the  Isevo-rotation  diminishes  again,  from  the  partial  destruction  of 
the  Isevo-glucose,  so  that  it  has  finally  a  feeble  dextro-rotatory  power. 
The  Iflevo-rotatory  Hquid  deposits  crystals  of  dextro-glueose  when 
allowed  to  stand,  while  a  syrup  of  stronger  laevo-rotatory  power 
remains.    (Soubeiran,  N.  J.  Pharm.  1,  1 ;  and  96,  16  and  262.) 

11.  When  left  to  itself,  or  when  warmed  with  dilute  acids^  solution 
of  cane-sugar  loses  its  dextro-rotatory  power  and  acquires  a  lasvo- 
rotatory  power,  which,  when  the  transformation  {Inversion)  is  complete, 
amounts  to  38°  to  the  left  at  14°  for  every  100°  of  the  original  rota- 
tion to  the  right  (Biot).  This  alteration  depends  on  the  assimilation 
by  the  cane-sugar  of  6  p.  c.  water,  whereby  it  splits  up  into  lajvo- 
and  dextro-glucose :  C**H«0«  -h  2H0  =  C»H»0"-|-C»H»0"  (Dubnm- 
faut).     (Water  taken  up :  calculated,  5*26  p.  c). 

There  is  produced  in  the  transformation  of  cane-sugar  by  dilute 
acids,  grape-sugar  (Kirchhoff,  Schei\  iV.  BL  1, 142),  granular  sugar  (Gui- 
bourt,  Ann.  Chim,  Phys.  16,  376 ;  Boullay,  J.  Pharm,  16, 172),  gum-sugar 
(Bouillon-Lagrange).  A  sugar  differing  from  dextro-glucose  is  pro- 
auced  which  rotates  the  plane  of  polarisation  to  the  left  (Biot),  and 
afterwards,  in  consequence  of  a  molecular  change,  deposits  dextro- 
glucose  (Biot,  Soubeiran).  Cane-sugar  heated  with  acids  forms 
first  leevo-glucose,  then,  if  the  heat  is  continued,  dextro-glucose 
(Bouchardat) ;  but  since  boiling  with  acids  does  not  alter  the  rotatory 
power  of  inverse  sugar  until  coloration  takes  place,  the  crystals  of 
dextro-glucose  which  are  deposited  after  some  months,  may  be  pro- 
duced, not  by  the  action  of  the  acid,  but  by  the  molecular  transforma- 
tion which  takes  place  in  the  course  of  time  (Soubeiran).  Subsequently, 
also,  Soubeiran  regarded  inverse  sugar  as  a  |>articular  variety,  but 
capable  of  being  decomposed  into  dextro-  and  Irevo-glucose. 

All  acids  effect  the  complete  conversion  of  cane-sugar,  but  strong 
acids  more  quickly  than  the  same  quantity  of  weaker  acids,  and  the 
same  acid  acts  more  rapidly  the  higher  the  temperature.  The  change 
is  complete  with  ^  —  ^  measure  hydrochloric  acid  at  the  temperature 
of  the  air  in  a  few  hours,  the  rotatory  power  then  possessed  by  the 
liquid  remaining  constant  for  two  days,  or  until  coloration  sets  in.  With 
sulphuric  acid  the  transformation  takes  place  slowly  at  the  common 
temperature,  but  at  60°  or  70°  histantaneously  and  without  coloration 
of  the  hquid.  A  solution  of  cane-sugar  containing  66  p.  c.  racemic 
acid,  is  only  partially  changed  after  sixteen  days,  completely  after  a 
year ;  \  measure  glacial  acetic  acid  does  not  occasion  the  transforma- 
tion within  two  months,  but  completely  within  a  year  (Biot,  Compt, 
rend.  15,  628;  N,  J.  Phann.  4,  801).     Small  quantities  of  organic 
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acids  do  not  sensibly  increase  the  decomposing  action  of  water  at 
common  temperatures  (p.  253).  A  30  p.  c.  solution  of  cane-sugar 
mixed  with  ^V  of  its  weight  of  tartaric  acid  was  not  completely  con- 
verted into  inverse  sugar  after  5  years.  (Maumeu^,  Compt.  rend,  39, 
917).  The  cane-sugar  of  lemon -juice  (containing  6|^  p.  c.  acid)  is  only 
very  slightly  changed  after  12  days,  not  more  so  than  when  the  freo 
acid  is  neutralised.  The  acid  juice  of  the  apricot  may  likewise  bo 
concentrated  on  the  water-bath  to  half  its  bulk  without  the  inversion 
of  much  of  its  catie-sugar  (Buignet).  If  solutions  of  cane-sugar  are 
heated  with  solutions  of  equivalent  quantities  of  different  acids,  sul- 
phuric acid  causes  its  inversion  more  quickly  than  tartaric  acid,  and 
tartaric  acid  more  quickly  than  citric  or  than  acetic  acid.  A  larger 
quantity  of  the  same  acid  is  required  if  the  sugar-solution  is  dilute 
than  if  it  is  concentrated  (Buignet).  See  also  Persoz  {Compt  rend. 
17,  1066),  Biot,  N.  J,  Pharm,  4,  351),  Bouchardat  {J.  Pharm.  21,  627; 
J,  pr,  Chein,  7,  73;  Ann.  Pharm.  17,  276),  Dobereiner  {Ann.  Pharm. 
2,  338);  Mit«chcrlich  (iV^.  Ann.  Chim.Phys.  7,  28),  Pluquet  (J?w//.  Pharm. 
8,  380). 

When  the  transformation  of  cane-sugar  by  dilute  acids  has  taken 
place,  further  boiling  causes  coloration  of  the  liquid,  formation  of  ulmin 
and  ulmic  acid,  and,  if  air  has  access,  also  of  formic  acid,  while  the 
remainder  of  the  sugar  is  contained  in  the  solution  in  a  more  easily 
fermentable  condition  (Malaguti).  According  to  Mulder,  glucic  acid 
is  first  formed,  from  this  apoglucic  acid,  by  contact  with  air,  and  ulmin 
and  ulmic  acid,  mixed,  if  air  has  access,  with  humin  and  humic  acid, 
are  obtained.  The  acid  which  is  added  remains  thereby  unaltered  and 
can  be  regained  in  the  quantity  that  was  used  (Malaguti). 

The  decomposition  takes  place  with  all  acids,  but  various  quantities 
are  required  to  bring  it  about  in  the  same  length  of  time.  The  solu- 
tion of  100  pts.  sugar  in  300  pts.  water  begins  to  deposit  a  precipitate 
after  35  hours*  boiling,  if  mixed  with  0*372  pt.  anhydrous  sulphuric 
acid ;  after  14  hours  with  2*4  pts ;  after  9  hours  with  6  pts ;  after 
2  hours  with  14*7  pts.  Nitric  and  hydrochloric  acids  act  in  the 
same  way;  for  every  1  pt.  of  these  acids,  10  pts.  oxalic,  racemic,  tar- 
taric, citric,  or  saccharic  acid — and  16  pts.  phosphoric,  arsenic,  phos- 
phorous, or  arsenious  acid, — are  required.  (Malaguti,  Ann,  Chim.  Phys. 
59,  407 ;  /.  Pharm.  21,  443 ;  Ann  Pharm.  17,  52 ;  J.  pr.  Chem.  7,  185.) 

On  heating  50  pts.  water,  1  to  5  pts.  oil  of  vitriol,  and  10  to  29  pts. 
cane-sugar  for  a  few  minutes  in  a  water-bath,  a  deposit  of  ulmic  acid 
is  fomicd  (Bouchardat).  Transformed  cane-sugar,  heated  with  -Jy  pt. 
oil  of  vitriol,  yields,  after  a  few  minutes'  boiling,  a  brown  liquid,  whicli 
leaves  bitter-sweet  molasses  by  e^^aporation,  cannot  be  decolorised  by 
animal  charcoal,  and  is  uncrystallisable  (Bouchardat).  Solution  of 
cane-sugar  does  not  lose  the  rotatory  power  peculiar  to  inverse  sugar 
until  boiled  for  15  or  20  hours  with  dilute  sulphuric  acid,  and  then 
deposits  much  less  ulmin  in  the  first  few  days  than  later.  If  it  be  boiled 
with  a  small  quantity  of  acid  until  a  deposit  forms,  and  this  be  filtered 
off,  a  large  quantity  of  ulmic  acid  separates  in  the  cold  after  a  long 
time,  but  no  ulmin ;  the  latter  body  must  therefore  be  fonncd  from 
the  ulmic  acid  by  boiling.  By  84  hours'  boiling  of  40  grms.  sugar- 
candy  with  120  grms.  water  and  2  grms.  anhydrous  sulphuric  acid, 
13  grms.  ulmin  and  ulmic  acid,  and,  in  contact  with  air,  4-47  grms. 
formic  acid  can  be  obtained,  while  all  the  rest  of  the  sugar  remains 
in  solution  in  a  more  easily  fermentable  condition   (Malaguti).     If 
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solution  of  cane-sugar  is  heated  with  dihite  sulphuric  acid,  but  not  to 
boiling,  ulmin  and  ulmic  acids  are  obtained,  mixed,  if  the  solution  is 
boiled,  with  humin  and  humic  acid.  These  humous  substances  are  formed 
more  quickly  if  air  has  free  access ;  concentration  of  the  acid  promotes 
their  formation  less  than  long  boiling ;  but  on  an  average,  not  more 
than  ^  of  the  sugar  can  be  converted  into  them,  the  rest  remaining  in 
solution  as  gluclc  acid  (xiu.  237),  and  if  air  has  access,  also  as  apoglucic 
acid  (xiii.  365).  If  the  action  of  the  acid  is  not  complete,  uncrystal- 
lisable  sugar  remains  behind,  and  is  converted  by  dilute,  not  by  concen- 
trated acid,  into  humin.  The  humous  substances  are  not  produced  at 
the  boiling  point  in  vacuo :  if  very  concentrated  acid  is  used,  a  black 
substance  is  obtained  having  the  composition  of  humin,  but  differing 
from  it.  By  the  use  of  more  dilute  acid,  nothing  but  glucic  acid  is 
obtained.  At  the  higher  temperature  at  which  the  mixture  boils  in 
air  free  from  oxygen,  formic  and  ulmic  acids  are  produced,  but  neither 
humin  nor  humic  acid  (Mulder,  J.pr,  Chem,  21,  207). 

If  cane-sugar  is  heated,  not  to  boiling,  with  hydrochloric  acid,  tlie 
red-brown  liquid  deposits  a  few  brown  nocks.  If  it  is  heated  to  boil- 
ing after  these  have  been  filtered  off,  a  more  abundant  black  pYe- 
cipitate  is  obtained,  which  is  slightly  soluble  in  boiling  water,  more  so 
in  water  containing  hydrochloric  acid,  partially  soluble  in  aqueous 
potash  and  ammonia.  The  brown  flocks  contain  62*54  p.  c.  C.  and 
4*75  H. ;  the  black  precipitate  at  140°,  on  an  average,  64*12  p.  c.  C. 
and  4*71  H.,  corresponding  to  the  fonnula  C**HW  (calculation  64*0 
p.  c.  C,  4*0  H.).  The  latter  body  is  also  obtained  by  boiling  sugar 
with  concentrated  hydrochloric  acid  (Stein,  Ann,  Fhnrm.  30,  84). 

12.  By  neutral  salts.  Aqueous  solutions  of  cane-sugar  mixed  with 
sulphate  of  zinc,  nitrate  of  lead,  mono-phosphate  or  arseniate  of  potash, 
or  with  a  large  quantity  of  corrosive  sublimate,  lose  their  dextro-rotatory 
power  partially  or  entirely  by  standing  at  the  temperature  of  the  air, 
and  occasionally  acquire  a  rotation  towards  the  left,  without  tlic 
formation  of  mould  taking  place.  Corrosive  sublimate  causes  this 
transformation  even  in  presence  of  creosote.  On  the  other  hand  a  solu- 
tion of  cane-sugar  contieuning  ^  of  its  weight  of  fused  chloride  of  zinc 
(or  of  chloride  of  calcium)  hardly  decreases  in  rotatory  power  by  stand- 
ing for  9  months,  or  when  heated  for  an  hour  to  50**.  The  presence  of 
a  small  quantity  of  corrosive  sublimate,  nitrate  of  zinc,  neutral  or  acid 
sulphate  of  potash,  prevents  the  formation  of  mould  in  solutions  of 
cane-sugar,  and  consequently  also  the  decomposition.  Most  other 
salts,  and  likewise  nitric  and  arsenic  acids,  do  not  prevent  the  formation 
of  mould,  and  in  many  cases  the  decomposition  of  solution  of  cane- 
sugar  goes  on  more  rapidly  in  their  presence  than  without  them.  If 
solutions  of  cane-sugar  are  mixed  with  neutral  and  acid  sulphate  of 
soda  and  one  drop  of  creosote,  no  formation  of  mould  or  decomposition 
takes  place  by  standing,  but  creosote  has  not  power  to  arrest  the 
formation  of  mould  when  it  has  once  begun.  In  the  case  of  some 
salts,  a  summer  temperature  seems  to  be  required  for  the  decomposition ; 
nitrogenous  mould  and  organic  acids  result  from  the  decomposition 
itself,  but  the  latter  are  not  formed  in  such  quantity  that  the 
dimiuished  rotatory  power  of  the  solution  can  be  explained  by  the 
diminution  of  the  quantity  of  sugar.  (Bechamp,  N.  Ann,  Chim.  Phys, 
54,  28.) 

Sugar-solutions  which  contain  alkaline  carbonates,  sulphat^B,  or 
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chlorides,  behave  like  pure  solutions  of  sugar,  when  long  kept  or 
boiled,  but  the  crystallisation  of  the  sugar  is  impeded.  A  solution 
containing  2  pts.  chloride  of  sodium  or  chloride  or  calcium  to  100  pts. 
cane-sugar  cannot  be  made  to  crystallise  except  when  the  salts  have 
been  removed  by  animal  charcoal.  Alkaline  nitrates  and  sulphates 
partly  crystaUise  out  from  the  solution  of  sugar  when  they  are  present 
in  large  quantities,  but  part  forms  a  slimy  mass  with  the  sugar 
(Hochstetter,  J,  pr,  Chem.  29,  26). 

Dry  cane-sugar  is  not  altered  by  being  heated  in  a  sealed  tube  to 
100°  for  several  hours  with  chloride  of  sodium,  chloride  of  strontium^  or 
chloride  of  barium  ;  but  addition  of  a  small  quantity  of  water  occasions 
the  formation  of  inverse  sugar  more  abundantly  than  it  would  be 
formed  in  presence  of  water  alone.  The  same  transformation  takes 
place  quickly,  the  mass  being  blackened,  with  sal-ammoniac  and  a  small 
quantity  of  water,  but  not  with  chloride  of  potassium,  chloride  of 
sodium,  or  flour-spar.    (Berthelot,  N,  Ann  Chim.  Phya,  38,  57.) 

13.  Cane-sugar  distilled  with  phosphoric  acid  (likewise  with 
sulphuric  acid  or  protochloride  of  tin)  yields  formic  acid  and  a  volatile 
oil  (furfurol?)  (Emmet  J,  pr.  Chem,  12,  120).  —  Anhydrous  phosphoric 
acid  does  not  attack  cane-sugar  until  heat  is  appHed ;  it  then  blackens 
it,  with  evolution  of  formic  acid  and  formation  of  humus-like  bodies. 
(Ilandtke,  Fharm,  Zeitschr.  1850,  _37 ;  Lieb.  Kopp.  Jahresber,  1850, 
534.) 

14.  Cane-sugar  covered  with  cold  oil  of  vitriol  becomes  brown 
without  evolving  sulphurous  acid ;  the  mixture  is  completely  soluble 
in  water  without  separation  of  carbon,  and,  after  neutralisation  of 
the  sulphuric  acid  with  chalk,  filtration,  and  evaporation  to  dryness, 
yields  a  dark  brown  residue  containing  sulphur.  (Braconnot,  Ann. 
Chim,  Phys,  12, 189.)  Oil  of  vitriol  produces  with  cane-sugar  the  same 
black  acid  as  that  formed  from  racemic  acid  by  alkalis  and  also  saccharo- 
Bulphuric  add,  or  a  similar  compound.  (PeUgot.)  If  the  process  is 
arrested  at  the  right  moment,  humous  substance  is  also  formed.  (Boul- 
lay.)  The  filtrate  obtained  by  mixing  cane-sugar  with  oil  of  vitriol, 
dilution,  and  neutralisation  with  baryta,  contains  acetate  and  formiate 
of  baryta.  (Herzog,  N,  Br.  Arch,  50,  299.)  If  a  porcelain  plate  is 
moistened  with  a  solution  of  sugar  in  80  pts.  water,  and  heated  by 
steam  to  100°  ;  very  dilute  sulphuric  acid  dropped  upon  it  causes  a 
black  mark,  or,  if  the  acid  is  very  dilute  indeed,  a  green  mark. 
(Runge,  Pogg,  31,  517.)  Runge  employs  this  re-4u:tton  for  the  detection  of  free 
Bolpharic  acid  and  of  sugar. 

When  cane-sugar  is  heated  with  oil  of  vitriol,  sulphurous  acid  is 
produced.  10  grms.  cane-sugar  wanned  with  40  grms.  oil  of  vitriol 
froths  up,  blackens  and  yields  1  litre  of  gas,  containing  carbonic  acid 
and  carbonic  oxide  in  equal  volumes,  and  a  solid  residue.  (Filhol, 
N.  J.  Phami.  8,  100 ;  J.  pr.  Chem.  36,  60.) 

15.  Concentrated  hydrochloric  acid  acts  violently  on  cane-sugar 
and  chars  it.  (Boullay,  J.  Pharm,  16,  172.)  Powdered  sugar  slowly 
absorbs  hydrochloric  acid  gas,  and  is  converted  into  a  brown  strongly 
smelling  compound  from  which  oil  of  vitriol  evolves  hydrochloric  acid 
gas.    (Bouillon- Lagrange.) 

16.  Cane-sugar  mixed  with  chlorate  of  potash  explodes  when  struck 
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acid  heated  with  1  at.  cane-sug'ar  gives  Berthelot's  acide  glucoso-ditW' 
triqae,  (Berthelot,  N.  Ann,  Chtm.  Phya.  54,  78.  —  60,  93  ;  Chvin,  organ. 
2,  257,  271  and  295.)  A  mixture  of  cane-sugar  and  succinic  acid  in 
atomic  proportions  melts  to  a  dark  brown  syrup  at  120°  — 130°,  and 
yields  a  compound  of  succinic  acid  with  glucose,  water  being  set  free, 
(van  Bemmelen,  Kopp'a  Jahrtsiber.  1858,  436.)  We  oaght  perhaps,  with 
Berthelot  {jChim.  organ,  2,  295),  to  regard  these  compounds  as  mixtures  containing 
succinic  acid  combined,  partly  with  iKvo-glnoose  sugar,  and  partly  with  deztro-glucose* 
[Kr.] 

22.  When  ammonia  gas  is  passed  over  cane-sugar  which  is  heated 
above  150°,  but  not  so  strongly  as  to  decompose  it,  water  and 
carbonate  of  ammonia  escape,  while  liquid  and  insoluble  substances 
remain  in  the  residue,  containing  10  p.  c.  of  nitrogen  not  removable 
by  aqueous  alkalis.  These  bodies  are  not  formed  at  130°.  (P.  The- 
nard.)  Cane-sugar  behaves  like  starch  (p.  87)  when  heated  with 
aqueous  ammonia.  (Schiitzenberger,  Zeitschr,  Ch.  Pharm,  4,  65.) 
See  also  Schoonbrodt  (Compt.  rend.  52,  1071)  who  states  that  he  obtained  from  sugar, 
by  the  action  of  ammonia  with  the  aid  of  phosphoric  acid,   a  product    containing 

By  heating  equal  parts  of  cane-sugar  syrup  and  aqueous  ammonia  in 
sealed  tubes  to  180°  for  38  or  40  hours,  a  soluble  and  an  insoluble  black 
substance  are  obtained.  The  latter  can  be  further  decomposed,  so  that 
altogether  four  black  or  brown  bodies  are  formed.  Among  them  is  a 
product  soluble  in  alcohol,  insoluble  in  water,  containing  65*66  p.  c. 
carb.,  6*05  hydr.  19*36  nitr.,  and  8*93  oxyg.,  according  to  Thenard, 
C*"N*H*0*.  Another  product,  which  is  insoluble  in  water  and  in 
alcohol,  but  soluble  in  acids,  contains  54*26  p.  c.  carb.,  8*34  hydr., 
18*78  nitr.,  and  21*62  oxyg. ;  Thenard  assigns  to  it  the  formula 
C"N*H»0".  (P.  Thenard.  Bull.  Sac.  Chim.  Paris,  1861,  18  and  33 ; 
abstr.  CompU  rend.  52,  444 ;  Rep.  Chim.  pure^  3,  207.) 

23.  Cane-sugar  heated  with  potassium  or  sodium  is  decomposed 
with  faint  evolution  of  light,  into  charcoal  and  alkali.  (Gay-Lussac  & 
Thenard.) 

A  mixture  of  cane-sugar  with  4  or  5  pts.  potash-hydrate  and  a  small 
quantity  of  water,  becomes  at  first  brown  when  heated,  but  is  after- 
wards decolorised,  evolves  hydrogen,  and  then  contains  a  large 
quantity  of  oxalate  of  potash.  (Gay-Lussac,  Ann.  Chim.  Phys.  44,  398 ; 
Pogg.  17,  171 ;  Schw^  58,  87.)  100  pts.  cane-sugar  yield  32*1  pts. 
oxalate  of  lead,  (Buchner  &  Herbcrger,  Eepert.  38,  189.^  —  If  cane- 
sugar  is  added  to  hot  concentrated  potash-ley  (such  as  would  solidify 
on  cooling)  to  the  extent  of  i  the  weight  of  the  potash-hydrate,  the 
mass  becomes  brown,  evolves  hydrogen,  gives  off  an  aromatic  smell  of 
caramel,  becomes  thick  after  a  few  minutes,  froths  up  until  the  brown 
colour  has  disappeared,  and  solidifies.  The  mass  yields,  on  distillation 
with  dilute  sulphuric  acid,  carbonic  acid,  formic,  acetic,  and  metacetic 
acids,  and  deposits  binoxalate  of  potash.  The  sugar  is  in  this  case 
decomposed  into  carbonic  acid,  acetone  and  metacetone,  the  last  of 
which  yields  propionic  acid,  while  the  acetone  yields  formic  and 
acetic  acids.  Both  are  at  last  partially  converted  into  oxalic  acid. 
(Gottlieb,  Ann.  Pharm.  52,  122.) 

Canc-sugtir  does  not  become  sensibly  brown  when  boiled  with 
potash-ley.  (Boullay,  J.  Pharm.  16,  172.  —  Chevalier,  J.  Chim.  med. 
18,  471.)  Solution  of  sugar  heated  with  potash-loy  to  88°  and  then 
neutralised  with  acid  does  not  regain  the  whole  of  its  rotatory  power. 
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which  is  still  further  diminished  when  it  is  boiled  or  evaporated  down. 
(Michaolis,  J,  pr,  Chem,  66,  423.)  —  When  cane-sugar  is  boiled  for  a 
long  time  with  a  small  quantity  of  potash,  out  of  contact  with  air,  the 
potash  becomes  saturated  with  ulmic  acid ;  if  air  has  access,  foraiic 
acid  is  also  produced.  (Malaguti,  Ann,  Chim,  Phys,  69,  420.)  —  Car- 
bonate of  potash  docs  not  diminisli  the  rotatory  power  of  sugar  when 
heated  to  88°,  but  when  boiled  it  does  so  to  a  less  extent  than  caustic 
potash.  (Michaelis.)  By  boiling  solution  of  cane-sugar  for  72  hours 
-with  -g^  pt.  crystallised  carbonate  of  soda,  an  acid  black  liquid  is 
formed  possessing  Isevo-rotatory  power.    (Soubeiran.) 

When  a  mixture  of  cane-sugar  and  inverse  sugar  is  boiled  for  a 
few  moments  with  caustic  potash,  the  mass  becomes  coloured  brown 
and  black.  After  saturation  with  carbonic  acid,  basic  acetate  of  lead 
precipitates  from  it  nearly  all  the  colouring  matter,  but  no  crystals 
can  be  obtained  from  the  slightly-coloured  solution  which  contains  the 
whole  of  the  cane-sugar,  no  doubt  because  the  products  of  decom- 
position of  the  inverse-sugar  prevent  the  crystallisation  (Buignet). 

24-  Solutions  of  cane-sugar  mixed  with  hydrate  of  lime  exhibit 
greater  stability  when  boiled  or  long  kept  than  pure  aqueous  sugar- 
solutions  (Bouchardat,  Soubeiran,  and  others.  Comp.  p.  253).  Hence 
the  following  observations  are  perhaps  to  be  explained  by  the  impurity 
of  the  sugar  employed.  When  the  compound  of  lime  with  cane-sugar 
is  dissolved  in  a  small  quantity  of  water  and  exposed  to  the  air,  the 
lime  separates  out  as  carbonate,  and  the  liquid  changes  to  a  white, 
tasteless  paste,  soluble  in  boiling  water.  This  solution  does  not 
colom:  iodine,  gives  a  slight  turbidity  with  oxalic  acid,  and  is  pre- 
cipitated by  acetate  of  lead,  bichloride  of  tin,  and  alcohol.  It  leaves 
on  evaporation  a  solid  brown  mass  which  retains  its  solubility  in 
water  (Daniell,  Ann,  Chim.Phya.  10,  221).  Braconnot  found  in  aqueous 
Bucrate  of  lime  which  had  been  kept  for  four  years,  a  deposit  of  oxalate 
and  malate  of  hme,  and  in  the  solution  acetate  of  lime  and  cane-sugar, 
but  no  gum  {Ann.  Chim,  Phys,  68,  337).  —  If  a  solution  of  cane-sugar 
supersaturated  with  lime  is  allowed  to  stand  for  a  year  in  an  air-tight 
bottle,  the  excess  of  lime  contains  neither  oxalic  nor  malic  acid.  After 
removing  the  dissolved  lime,  evaporating  and  redissolving  in  alcohol, 
cane-sugar  crystallises  out,  while  melassic  acid,  saccharic  acid,  and 
uncrystallisable  sugar  remain  in  the  mother-liquor  (Brendecke,  N,  Br. 
Arch.  29,  76 ;  see  also  Berthelot  p.  251). 

When  an  intimate  mixture  of  1  pt.  cane-sugar  and  8  pts.  quick-lime 
is  heated,  a  violent  re-action  takes  place,  as  the  sugar  gives  up  water 
to  the  hme,  continuing  even  after  the  mixture  is  removea  from  the  fire ; 
no  gas  is  evolved,  but  a  brown,  oily  mixture  of  acetone  and  metace- 
tone  passes  over.  (Fremy,  Ann,  Chim.  Phys.  69,  6.^  The  same  pro- 
ducts are  obtained  in  greater  abundance  with  3  pts.  hme  to  1  pt.  sugar. 
(Gottlieb,  Ann.  Phann.  69,  6.) — When  cane-sugar  is  distilled  with 
soda-lime^  small  quantities  of  ethylene,  propylene,  and  amylene  are 
obtained.    (Berthelot,  Inst.  1867,  269 ;  Kopp's  Jahresber.  1867,  426.) 

When  considerable  quantities  of  cane-sugar  are  heated  with  3  to 
8  pts.  quick-lime,  combustible  gases  are  evolved,  and  a  hquid  distillate 
passes  over,  containing  acetone,  oils  of  the  formulae  C"H"0',  C^'n^K)', 
C*H"0',  and  C"II"0",  a  small  quantity  of  resin,  and  substances  soluble 
in  potash-ley.    (R.  Schwarz.) 
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When  the  liquid  distillate  is  rectified  with  wateri  the  resin  remains  behind,  while  a 
pale  yellow  oil  floats  on  the  water  which  passes  over.  On  agitating  this  resin  with  milk 
of  lime,  and  distilling  the  filtrate  with  dilate  sulphuric  acid,  acetic  and  propionic  acids 
pass  over. 

The  pale  yellow  oil  gives  np  acetone  to  water ;  the  insoluble  portion  is  partly  dis- 
solved, with  dark  red-brown  colour,  by  potash-ley,  the  oil  which  floats  on  the  surfiica 
acquiring  at  the  same  time  an  agreeable  odour.  The  potash-solution,  distilled  with 
sulphuric  acid,  deposits  resin  and  gives  off  traces  of  fatty  acids,  together  with  a  neutral 
oil  having  an  odour  of  peppermint,  containing  61*07  p*  c.  carbon,  12*10  hydrogen,  and 
26*83  oxygen,  and  agreeing,  according  to  Schwarz,  with  the  formula  C'H^O^. 

The  portion  of  the  pale-yellow  oil  which  has  been  treated  with  water  and  potash- 
ley,  if  again  subjected  to  fractional  distillation,  passes  over  between  70^  and  250**,  bat 
not  completely.  The  portion  volatilised  at  70  contains  70*30  p.  c.  C,  9*52  H.,  and 
20' 18  O.,  according  to  Schwarz  «  C^^H^iO^;  that  which  volatilises  at  Bb"  contains 
73*72  C,  10*25  H.,  and  16-030.,  according  to  Schwaiz  »  C»H^sO>  (perhaps  dumasin 
ix.  25?  Kr.):  that  which  volatilises  at  100*"  contains  77*61  p.  c.  C,  11'2!>  H.,  and 
10*10  O.,  according  to  Schwarz  =  CSSH^O"  (phorone  xiii,  342  ?  Kr.),  and  that  which 
volatilises  at  150**  contoins  74*40''  p.  c.  C,  10*15  H.,  and  15*45  O.,  according  to 
Schwara  »  C?f^W^(fi, — The  mixture  of  these  compounds,  treated  with  oxidising 
agents,  yields  fatty  acids  and  a  neutral  oil  containing  76*60  p.  c.  C,  10*48  H.,  and 
12*92  O.  The  same  mixture,  boiled  for  some  time  with  potash -ley,  becomes  dark-coloured 
and  yields  resin  and  a  mobile  oil  containing  72*01  to  73*46  p.  c.  C,  and  10*61  to  10*08  H. 
The  latter  is  further  decomposed  by  hot  nitric  acid,  yielding  oxalic  acid  and  a  new 
volatUe  oil  (78*68  p.  c.  a,  10*59  H.,  and  10*63  0.  »  d*HK):  Schwars).  It  is  also 
decomposed  by  oil  of  vitriol  or  anhydrous  phosphoric  acid,  producing  a  hydro-carbon 
(89*81  p.  c.  C.  and  10*18  H.  ^  C^H^  Schwarz),  ^ose  boiling  point  lies  at  about  180*", 
differing,  therefore,  from  that  of  cumene  and  that  of  mesitylene  (K.  Schwarz,  Wien, 
Akad.  Ber,  5,  159 !  /.  pr.  Chem,  51,  374). 

25.  Cane-BUgar  solution  heated  with  basic  nitrate  of  bismuth^  does 
not  alter  it,  or  merely  gives  it  a  faint  yellowish  colour.  (Bottger, 
Jakrb.  pr,  Pharm.  22,  28.)  —  26.  Boiled  with  acetate  of  zincj  it  gives 
off  a  trace  of  carbonic  acid.  (Peschier,  J.  Pharm.  3,  508.)  —  27.  A 
clear  mixture  of  cane-sugar  and  aqueous  protochJoride  of  tin,  kept  in  a 
sealed  tube,  deposits  a  white  precipitate,  without  further  alteration. 
In  contact  with  the  air,  it  turns  brown  after  some  hours,  and  gives  off 
an  odour  of  caramel     (B^champ,  N.  Ann.  CMrtu  Phys,  54,  88.) 

28.  When  an  aoueous  solution  of  1  pt.  cane-sugar  and  15  to  80  pts. 
5-hydrated  bichhriae  of  tin  is  evaporated  to  dryness,  and  the  residue 
heated  to  120° — 180^  it  blackens  and  is  converted  into  Maumene's 
caramelin  0**H*0*.  This  black-brown  carameUn,  insoluble  in  water, 
dilute  acids,  and  alkalis  is  (different  from  G^lis's  caramelin,  and)  formed 
from  sugar  by  abstraction  of  7  at.  water:  C«H"0"  =  C"HH)*+7H0. 
(Maumen^,  Compt.  rend.  30,  314,  447;  89,  422.)  With  a  smaller 
quantity  ctf  chloride  of  tin  (protochloride  of  mercury  or  terchloride  of 
antimony),  a  brown  substance  partially  soluble  in  water  is  produced, 
perhaps  a  mixture  of  caramelin  and  unaltered  sugar.  —  This  re-action 
is  applied  by  Maumen^  to  the  detection  and  estimation  of  sugar ;  but 
all  carbohydrates  behave  in  the  same  way. 

29.  When  the  compound  of  cane-sugar  with  oxide  of  lead  is  heated  for 
three  hours  to  168",  the  residue  4ecomposed  under  water  by  hydro- 
sulphuric  or  carbonic  acid,  yields  a  colourless  solution,  from  which  by 
evaporation  a  transparent  non-solidifying  synip  is  obta.ined.  (Berze- 
lius,  Jahresber.  19,  442.)  See  below.  When  neutral  acetate  of  lead  is 
boiled  for  some  time  with  solution  of  cane-sugar,  a  brown  precipitate 
is  obtained.     (Peschier,  /.  Pharm.  3,  508.) 

80.  Sesqukhloride  of  iron  is  reduced  to  protochloride  by  heating 
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with  cane-sugar  Bolution,  without  evolution  of  carbonic  acid,  pane- 
surar  heated  with  ferric  oxide,  sulphuric  acid,  and  water,  yields  formic 
and  carbonic  acids.  (HUnefeld,  J,  pr,  Cfiem*  7,  44.)  —  With  ferric 
acetatej  cane-sugar  solution  gives  o£P  a  small  quantity  of  carbonic  acid, 
and  deposits  ferrous  oxide.  (Peschier,  J.  Pharm,  3,  608.)  —  When 
1  pt.  of  iodide  of  irony  1  pt.  cane-sugar,  and  4  ptg,  water  are  evaporated 
together  to  dryness,  the  residue,  after  standing  for  a  week,  gives  up 
a  portion  of  its  substance  to  water.  The  dark-brown  filtrate  contains 
iodide  of  iron,  but  is  no  longer  capable  of  fermenting  with  yeast.  The 
residue  is  a  black-brown  powder  which  is  slowly  decomposed  by  hydro- 
chloric acid  into  a  brown  solution  and  cinnamon-brown  flocks,  g^ves  off 
iodine  when  heated,  and  leaves  charcoal,  after  the  combustion  of  which 
ferric  oxide  remains.  Soda-ley  withdraws  iodine  from  the  residue  and 
leaves  a  mixture  of  ferric  oxide  and  charcoal.  (Frickhinger,  EeperU 
85,  210.) 

81.  When  a  strong  solution  of  cane-sugar  is  boiled  with  a  few 
lumps  of  potash,  then  diluted  with  water,  and  nitrate  of  cobalt  added, 
a  beautiful  violet  precipitate  is  formed  which  turns  greenish  on  stand- 
ing. The  presence  of  grape-sugar  prevents  the  formation  of  the  pre- 
cipitate.   (Beich,  J.  pr,  Chem-  43,  72.) 

82.  With  Cupric  Salts. — Cane-sugar  solution  left  in  contact  with 
cupric  hydrate  for  a  week  in  the  cold,  neither  alters  its  colour  nor  gives 
off  carbonic  acid ;  but  after  from  4  to  6  hours'  boiling — the  water  which 
evaporates  being  replaced — cuprous  oxide  be^ns  to  form.  (Busch, 
Ann,  Pkarm.  4,  60.)  Cupric  hydrate  preserves  its  colour  when  left  to 
stand  in  the  cold,  or  when  boiled  for  a  short  time  with  syrup  of  cane- 
sugar,  but  after  longer  boiling  it  gives  up  its  water,  turns  brown,  and 
after  two  hours'  boiling  is  reduced  to  yellow  cuprous  oxide.  If  the 
syrup  contains  a  trace  of  alkali,  the  cupric  hydrate  dissolves  imme- 
diately, and  is  then  precipitated  by  the  sugar  as  cuprous  oxide,  thi^ 
solution  and  precipitation  going  on  till  the  whole  of  the  cupric  oxide 
is  reduced.  (Hunton,  Lend,  Ed.  M(w.  /.,  11,  154.)  When  cupric 
hydrate  washed  with  cold  water,  is  boiled  with  cane-sugar  solution  and 
a  little  caustic  alkali,  the  colourless  liquid  filtered  from  the  precipitated 
cuprous  hydrate  contains  oxalic  acid  (j.  J.  Polil,  J.  pr.  Chem.  63,  359), 
carbonic  and  acetic  acids.  (Becquerel,  Ann.  Chim.  Phy$.  4k7, 6.)  Ignited 
cupric  oxide  is  not  altered  by  boiling  for  several  hours  with  solution  of 
cane-sugar,  but  in  presence  of  lime  or  alkalis,  it  dissolves  and  is  preci- 
pitated as  cuprous  oxide.     (Hunton.)     Wl^eq  cupric  hydrate  U  heated  for  a 

short  time  with  cane. sugar,  and  a  quantity  of  potash  not  sufficient  for  complete  solution, 
a  permanent  green  colour  is  produced.     (Pohl.)  —  Cane-SUgar   boiled   with 

aqueous  cupric  mlpkate  throws  down  metallic  copper  (from  which  aqueous 

ammonia  removes  a  brown-red  film),  while  £^  Small   quantity   of  CUprous  salt 

remains  dissolved.  (Vogel,  Schw.  13,  102.)  The  concentrated  solu- 
tion of  equal  parts  of  cupric  sulphate  and  cane-sugar  acquires  by 
boiling",  a  blue-green,  dark-green,  and  finally  dark-brown  colour,  and 
deposits  metallic  copper,  after  the  removal  of  which  the  supernatant 
liquid  again  appears  green.  On  boiling  the  liquid  for  several  hours 
and  replacing  that  which  evaporates,  it  becomes  dark-brown,  viscid, 
and  smells  ifie  caramel.  (Pohl.)  The  solution  of  equal  parts  of  cupric 
sulphate  and  cane-sugar  yields,  on  addition  of  soda-ley,  a  precipitate 
of  cupric  hydrate,  which  redissolves  with  deep-blue  colour  in  excess  of 
soda-ley,  and  is  precipitated  as  red  cuprous  oxide  when  heated.    (Mit- 
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scberlich,  Pogg,  49,  402.)  If  a  eufiScicnt  excess  of  alkali  is  present, 
the  blue  solution  remains  unaltered  in  the  cold  for  several  days,  and 
deposits  a  small  quantity  of  cuprous  Q^ide  only  after  some  weeks. 
The  reduction  does  not  take  place  till  aiter  some  time,  even  on  boiling. 
(Trommer,  Ann,  Pharm,  39,  360.)  After  14  days'  standing  in  closed 
vessels,  it  deposits  a  green-blue  precipitate  and  cuprous  oxide. 
(Schwertfeger,  Jakrh.  pr.  Pharm,  7,  292.)  —  When  cane-sugar  is 
boiled  with  cupric  chloride^  the  liquid  on  cooling  deposits  cuprous 
chloride;  from  cupric  nitrate  nothing  is  precipitated  on  boiling,  but 
the  liquid  afterwards  yields  a  yellow  precipitate  with  potash.  From 
cupric  acetate^  cane-sugar  precipitates  on  boiling  (slowly  in  the  cold, 
more  quickly  at  36°  :  Postel,  J.  Pharm.  18,  570),  a  large  quantity  of 
cuprous  oxide  containing  organic  matter,  whilst  a  deliquescent  sugar 
remains  in  the  Uquid.     (Vogel ;  Buchner,  Schw.  14,  224.)    At  the  begin- 

ning  of  the  boiling,  a  small  quantity  of  carbonic  add  is  evoWed.  (Peschier,  /.  Pharm, 
Zt  508.)  After  half-an-honr's  boiling  of  I  pt.  Terdigris,  48  pts.  water,  and  48  pts. 
sngar,  the  whole  of  the  copper  is  precipitated  as  cuprous  oxide,  together  with  a  colour- 
less jelly  soluble  in  water.  (Holger,  Zeitschr.  phys.'inaili,  Z,  401.)  According  to 
Baumann  (AT.  Br.  Arch.  37*  47),  cane-sugar  solution  is  not  altered  by  boiling  with 
cupric  sulphate,  chloride  or  acetate,  or  with  cuprammonia. 

33.  Mercuric  oxide  boiled  with  an  aqueous  solution  of  cane-sugar  is 
converted  into  a  black  powder  containing  mercurous  oxide.  (Vogel). 
From  solution  of  mercuric  chloride^  cane-sugar  at  the  boiling  heat,  throws 
down  calomel  (Vogel),  a  durty  brown  precipitate  (Peschier);  from 
mercurous  nitrate  it  reduces  the  metal,  together  with  a  small  quantity 
of  mercurous  oxide,  and  converts  mercuric  acetate  into  mercurous  acetate. 
(Vogel,  Schw.  13,  162 ;  Buchner,  Schw.  14,  224).  According  to  Baumann, 
mercurous  nitrate  is  not  reduced  by  sugar  at  the  boiling  heat. 

34.  Cane-sugar  triturated  with  nitrate  of  silver  soon  becomes  moist, 
and  reddens  the  more  quickly  as  it  is  exposed  to  a  brighter  light* 
Aqueous  cane-sugar  mixed  with  nitrate  of  silver  deposits  (at  the  boil- 
ing heat,  according  to  Vogel)  a  black  powder  (Rouchas,  J.  Pharm.  17, 
116 ;  N.  Tr.  24,  2,  187)  which  appears  to  be  a  mixture  of  oxide  and 

metal.  (A.  Vogel.)  According  to  Baumann,  aqueous  nitrate  or  ammonio-nitrate 
of  silver  is  scarcely  reduced  by  boiling  with  cane-sugar  solution.  —  Chloride  of  silver 

covered  with  concentrated  potash-ley  is  reduced  to  the  metallic  state 
by  cane-sugar.  (Casaseca,  Compt.  rend.  32,  686  j  J.  pr.  Chem.  53,  318.) 

35.  Cane-sugar  boiled  with  aqueous  bichloride  of  platinum  precipi- 
tates nothing,  according  to  Baumann ;  a  black-brown  substance,  accord- 
ing to  Peschier.  —  36.  From  aqueous  terchloride  of  gold  it  precipitates 
first  a  light  red,  then  a  dark  red  powder.    (Vogel,  Buchner.) 

37.  When  a  mixture  of  cane-sugar,  bromide  of  ethyl^  and  lumps  of 
potash-hydrate  is  heated  to  100°  for  several  days,  Berthelot's  ethyl- 
glucose  is  obtained.  (Berthelot.  N.  Ann.  Chim.  Phys.  60, 103;  Chim.  organ. 
2,  301.) 

38.  A  solution  of  indigo  mixed  with  carbonate  of  soda  is  not  deco- 
lorised by  prolonged  boiling  with  cane-sugar  solution.  (Mulder, 
N.  Br.  Arch.  105,  268.) 

89.  Cane-sugar  is  not  altered  either  by  diastase  (Guerin-Varry, 
Ann.  Chim.  Phys.  60,  32),  or  by  emulsin.    (0.  Schmidt.) 
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40.  Moderately  concentrated  aqueous  solutions  of  cane-sugar  left 
in  contact  with  certain  nitrogenous  bodies,  at  temperatures  between 
10°  and  30°,  undergo  transformations  distinguished  by  the  names 
Vinousy  Lactmis,  and  Mucous  Fermentation.    (See  vii,  96.) 

A.  Vinous  Fermentation. — The  clear  juice  of  sacchariferous  plants 
left  to  itself  in  contact  with  the  air  at  temperatures  between  20°  and 
24°,  becomes  turbid  after  a  few  hours,  gives  off  carbonic  acid,  becomes 
warmer  than  the  surrounding  air,  and  remains  in  a  state  of  transfor- 
mation for  an  interval  varying  from  48  hours  to  several  weeks,  accord- 
ing to  the  temperature,  the  amount  of  sugar  present,  and  the  nature 
of  the  nitrogenous  matters, — till  in  fact  the  wTiole  of  the  sugar  is 
decomposed.  As  soon  as  the  evolution  of  carbonic  acid  is  terminated, 
a  substance  previously  suspended  in  it,  the  fertnent,  separates,  partly 
earned  upwards  by  adhering  gas-bubbles,  partly  downwards,  leaving 
the  liquid  clear,  which  then,  in  place  of  the  sugar,  contains  alcohol, 
glycerin,  and  succinic  acid.  The  ferment  formed  in  this  process,  if 
introduced  at  about  the  same  temperature,  into  a  moderately  dilute 
solution  of  pure  sugar,  induces  therein  also  the  decomposition  of  the 
sugar  into  tne  same  products. 

Solutions  of  sugar  containing  glutin  altered  by  the  process  of 
germination  or  of  mashing,  undergo,  on  standing,  an  irregular  fer- 
mentation, which  however  may  be  rendered  regular  by  the  introduction 
of  a  small  quantity  of  fernient.  Such  is  the  case  in  the  fermentation  of 
beer- worts.  —  Comp.  Ure  (/.  pr.  Chem.  19, 183). — When  albuminoidal  sub- 
stances, glutin,  casein,  or  substances  of  like  nature,  are  introduced  into 
sugar  solutions,  and  the  liquids  are  exposed  for  some  time  to  the  air, 
sometimes  vinous  fermentation  takes  place,  sometimes  another  kind  of 

decomposition.      See  the  details  below. 

The  views  of  Schwann  already  mentioned  (vii,  109)  on  the  conditions  of  fernienta- 
lion,  and  those  of  Cagniard  de  l«atour  on  the  nature  of  yeast,  have  been  farther  deve- 
loped by  Mitscherlich,  Blondeau,  Schroder  &  Dusch,  Van  den  Broek,  Pasteur,  and 
others,  and  may  now  be  regarded  as  established.  For  thn  opposite  views  of  Liebig,  see 
Handworterb,  3,  117;  Agricultur-chemie,  5  Aufl.  469;  this  Handbook,  vii,  109;  of 
Schmidt,  Ann,  P harm,  61,  168;  of  Schubert,  Po^y.  147  and  397;  of  Dipping  & 
Strave,  J,pr,  Chem,  41,  255;  ofTraube,  Pogg.  103,  831 ;  of  Berthelot,  Compt,  rend, 
50,  680;  &c.  &c. 

• 

a.  Vinous  fermentation  is  always  produced  under  the  influence  of 
the  vital  energy  of  yeast-cells  (Bierhefe,  Ferment  alcooUquey  Torvula 
ccrevisice :  Blondeau  de  CaroUes),  either  when  beer-yeast  is  introduced 
into  saccharine  liquids  in  which  it  can  grow,  or  when  the  liquid  is  of 
such  a  nature  that  yeast-cells  can  form  in  it  spontaneously. 

Vinous  fermentation  is  produced  by  one  particular  fungus,  lac- 
tous  fermentation  by  another.  (Blondeau,  Pasteur.)  The  spores 
of  yeast  are  universally  diffused  through  the  air,  and  produce 
yeast-cells  whenever  they  come  into  a  sugar-solution  adapted  to 
their  development;  air  deprived  of  these  bodies  never  excites  fer- 
mentation. 

Fermentation  is  in  all  cases  preceded  by  the  development  of  vege- 
table germs  in  the  fermentable  liquid.  These  germs  are  of  various 
species,  some  of  which  develop  themselves  while  others  remain  inac- 
tive, according  as  the  liquid  is  or  is  not  adapted  to  their  development 
and  sustenance.    (Blonaeau). 

A  sugar-solution  mixed  with  yeast  ferments  immediately ;  but  the 
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juice  of  grapes  and  other  fruits  requires  access  of  air  to  bring  it  into 
the  fermenting  state.  If  the  air  is  excluded,  expressed  gi'ape- juice 
does  not  ferment,  but  if  oxygen  has  access  to  it,  fermentation  is  set 
up.  Grape- juice  preserved  for  a  year  by  Appert's  meth^  (vii,  100) 
ferments  a  few  days  after  transference  into  another  vessel.  The  same 
grape-juice  passed  up  over  mercury,  without  coming  in  contact  with 
the  air,  does  not  ferment  till  oxygen  gas  is  passed  up  to  it.  Hence, 
Gay-Lussac  regarded  oxygen  as  essential  to  the  commencement  of 
fermentation  in  fruit-juices,  but  not  to  its  continuance.  (Gay-Lussac, 
Ann.  Chim.  76,  247). 

Au:  previously  heated  to  redness  cannot  induce  fermentation  in  a 
solution  of  sugar  mixed  with  yeast  and  boiled,  inasmuch  as  either 
unboiled  organic  matter  or  unignited  air  is  necessary  to  the  commence- 
ment of  the  process.  (Schwann,  Fogg,  41, 187;  Ure,  J.pr.  Chem.  19, 187.) 
Wine-must  boiled  and  enclosed  in  a  bladder  does  not  ferment  even  if 
suspended  in  fermenting  must.  It  appears  indeed  that  the  access  of  a 
solid  body  from  the  air  is  essential  to  vinous  fermentation,  so  that 
oxygon  gas  evolved  from  water  by  electrolysis  is  incapable  of  bringing 
boiled  grape- juice  into  the  fermenting  state.  (Helmholtz,  /.  pr.  Chem, 
31,  434.)  The  feiment  of  the  air  may  likewise  be  retained  by  filtra- 
tion through  cotton ;  consequently  sweet  malt- wort  in  contact  with 
filtered  air  does  not  ferment  even  for  weeks.  (Schroder  &  Busch, 
Ann.  Pharm,  89,  332.) 

Fresh  grape-juice  which  has  never  come  in  contact  with  atmos- 
pheric au',  suffers  no  alteration  for  years  when  kept  over  mercury  at 
a  temperature  between  26®  and  28°.  If  oxygen  gas  previously  heated 
to  rcaness  or  filtered  through  cotton  be  brought  in  contact  with  it, 
the  juice  after  some  hours  becomes  darker,  absorbs  the  oxygen,  and 
gives  off  carbonic  acid,  but  no  fermentation  takes  place  even  after  a 
long  time.  Common  air,  inasmuch  as  it  contains  bodies  capable  of 
forming  yeast-cells,  or  the  yeast-cells  themselves  (even  such  as  have 
never  been  in  contact  with  the  air)  can  set  up  vinous  fermentation, 
the  continuation  of  which  is  promoted  entirely  by  the  growth  of  the 
yeast-cells.    (Van  den  Broek,  jltiw.  Pharm.  115,  76.) 

The  fungi  diffused  over  the  surface  of  fruits,  leaves,  and  fruit- 
stalks,  likewise  induce  fermentation  in  saccharine  liquids.  If  to  a  fer- 
meatable  fruit-juice  mixed  with  sugar,  there  be  added  2  measures  of 
water,  the  whole  violently  and  continuously  shaken,  and  the  liquid, 
which  has  become  specifically  lighter,  set  aside,  the  cells  of  the  fung^ 
rise  to  the  surface,  and  then  give  rise  to  formation  of  mould,  but  no 
fermentation  takes  place  within  the  liquid.  (H.  Hoffmann,  Ann.  Pharm. 
115,  228.) 

If  the  motes  floating  in  the  air  are  collected  in  cotton  or  asbestos 
contained  in  a  tube  through  which  the  air  is  drawn,  and  introduced 
into  sugar-solutions  which  have  been  well  boiled  and  cooled  again, 
and  are  mixed  with  the  mineral  and  albuminoKdal.  constituents  of 
yeast,  they  develop  into  infusoria  and  muoedinecBj  even  if  only  ignited 
air  has  access  to  the  hquid.  Sugar-solutions  mixed  with  the  same 
yeast-constituents,  but  not  containing  this  dust,  undergo  no  alteration 
between  28°  and  30°;  neither  do  those  into  which  cotton  or  asbestos  alono 
is  introduced.  The  same  liquid  remains  unaltered  if  boiled  in  a  glass 
fiask,  the  neck  of  which  is  bent  so  that  no  dust  can  fall  into  it,  the 
fiask  being  afterwards  left  unclosed.  (Pasteur,  CompU  rend.  50,  808  • 
see  also  N.  Ann.  Chim.  Phyg.  64,  5.) 
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The  better  a  saccharine  liquid  is  adapted  for  the  nutrition  of  ^ast- 
cella,  the  more  easily  will  they  be  developed  (from  the  above-mentioned 
bodies  in  the  atmosphere)  when  air  has  access  to  the  liquid.  Thus 
vinous  fermentation  is  almost  always  set  up  when  the  clear-filtered 
wash- water,  or  the  decoction,  of  yeast  (which  contains  the  soluble  mine- 
ral and  albuminoidal  constituents  of  that  substance)  is  mixed  with 
sugar-solution  and  left  to  itself  (as  observed  long  ago  by  Colin) ;  it 
is  frequently  also  accompanied  by  lactous  fermentation ;  but  the  latter 
very  seldom  takes  place  alone,  unless  the  wash-water  of  previously 
altered  yeast  has  been  used  (Pasteur).  All  natural  saccharine  juices 
which  ferment  spontaneously  yield  a  deposit  of  yeast  (Thenard,  Hit- 
scherlich).  Also  diabetic  sugar  (Quevenne,  /.  Pharm.  24,  86),  Yeast  is 
formed  in  liquids  containing  putrefying  animal  matters,  on  addition  of 
sugar,  the  formation  of  vibrios  continuing  if  the  sugar  is  present  in 
small  quantity  only,  but  being  huidered  by  a  larger  quantity  (Mit- 
scherlich,  N.  X  Pharm,  4,  218).  A  similar  observation  was  made  by 
Cagniard  de  Latour.  Hence  there  can  be  no  doubt  that,  in  the  follow- 
ing cases  also,  the  occurrence  of  vinous  fermentation  depends  upon 
the  previous  formation  of  yeast.  Vinous  fermentation  is  produced  in 
sugar-solutions,  after  access  of  air,  by  the  glutinous  matter  suspended 
in  currant-juice,  but  not  by  the  soluble  part  alone  (Thenard),  by  white 
of  egg  (Seguin),  gliadin  (Taddei),  leguniin,  especially  if  in  a  state  of 
incipient  putrefaction  (Braconnot),  by  wheat-glutin,  vine-  and  sorrel- 
leaves,  mashed  elder-flowers  (Fabroni),  ox-blood,  the  fibrin  and  serum 
of  blood  (Colin),  comminuted  brain  (Pouchet,  CompU  rend.  62, 284),  and 
many  other  bodies.  Honey  dissolved  in  4  pts.  of  water  ferments 
without  addition  of  yeast  (Colin).  Fermenting  liquids  exposed  to  the 
air  after  boiling,  gradually  pass  into  the  fermenting  state  again  (Gay- 
Lussac).  Sugar-solutions  cannot  be  brought  into  the  fermenting 
state  by  wood-charcoal,  the  charcoal  obtained  by  igniting  animal 
matters  with  potash  and  lixiviating  the  residue^,  or  platinum-black 
(Berzelius). 

The  vinous  fermentation  of  sugar  is  likewise  induced  by  the  pecu- 
liar ferment  of  madder  (Schimck's  erythrozyin)  in  contact  with  air, 
especially  if  this  substance  is  in  a  state  of  decomposition,  A  mixture 
of  carbonic  acid  and  hydrogen  is  evolved ;  and  the  liquid,  after  14  days, 
contains  alcohol,  acetic  acid  (perhaps,  also,  formic  acid),  a  small  quan- 
tity of  succinic  acid,  and  a  sweet,  brown,  unorystallisable  body  (gly- 
cerin I  Kr.),  but  no  lactic  acid.  The  same  effect  is  likewise  produced 
by  the  brown  precipitate  formed  on  adding  a  small  quantity  of  hydro- 
chloric acid  to  an  aqueous  infusion  of  madder  after  it  has  been  made 
alkaline  by  lime-water  (Schunk,  J,  pr.  Chem,  68,  222). 

The  clear  filtrate  of  almonds  bruised  with  water  quickly  brings 
grape-sugar  into  full  fermentation,  without  at  first  producing  yeast- 
cells  perceptible  by  the  microscope,  these  pells  making  their  appear- 
ance only  at  a  later  stage  of  the  process.  The  sacchariferous  (?) 
liquid,  if  left  to  itself  after  the  fermentation  is  ended,  becomes  filled 
with  aggregates  of  cells,  but  putrefaction  does  not  take  place  within 
8  to  14  days.  The  fungi  thus  formed,  if  introduced  into  a  fresh  solu- 
tion of  grape-sugar,  continue  to  grow  in  it,  but  produce  only  a  slight 
and  very  transient  fermentation,  or  none  at  all.  When  muscle, 
gelatin,  or  yeast,  in  a  state  of  stinking  putrefaction,  is  introduced  into 
a  solution  of  sugar,  the  putrefaction  ceases,  fermentation  is  set  up, 
and  yeast-cells  are  produced,     (C.  Schmidt,  Ann,  Pluxrm.  61,  168; 
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Lieh.  ^opp.  Jahresber.  1847-48,  468.)  Hence  Schmidt  (like  Liebig) 
regards  the  growth  of  fungi  in  fermentation  as  merely  a  secondaiy 
phcnomenon,  not  an  essential  condition  of  the  fermentation.  But 
E.  Wagner  {J.pr.  Chem,  45,  241)  observed  the  simultaneous  occur- 
rence or  fermentation  and  formation  of  yeast-cells  under  the  conditions 
described  by  Schmidt. 

Yeast  consistfi  of  very  small  microscopic,  round,  or  egg-shaped  balls 
(Leuwenhoeck,  Cagniard  de  Latour)  of  y^^^r  ™™'  diameter  (Blondeau). 
These  balls  are  vegetable  cells  (Cagniard  de  Latour),  with  elastic 
walls,  filled  with  a  hquid  and  a  soft  homy  mass,  which  latter  is  at 
first  attached  to  the  walls,  but  extends  to  the  middle  as  the  cell 
grows  ;  young  cells  are  transparent,  and  almost  destitute  of  granular 
contents.  (MitscherHch,  Pasteur.)  These  cells  multiply  by  gemma- 
tion (Cagniard  de  Latour,  MitscherHch) ;  the  newly  formed  cells  do 
not  separate  from  the  central  cell  tiU  they  have  attained  to  nearly  the 
same  size.  (Pasteur.)  They  always  remain  isolated,  and  never  form 
ramifications  or  elongated  cells,  like  those  of  lactous  ferment.  (Blon- 
deau.) 

According  to  Cagniard  de  Latour,  Turpin,  and  MitscherHch,  yeast- 
ceUs  also  increase  by  bursting  and  diffusing  their  granular  contents 
through  the  Hquid,  the  granules  then  developing  into  cells.  Schloss- 
berger  and  Pasteur  did  not  observe  this  mode  of  formation,  which  is 
likewise  inconsistent  with  the  uniform  size  of  the  free  yeast-cells.  — 
Yeast  contains  cellulose,  fat,  nitrogenous  and  mineral  substances. 

See  analyses  of  yeast  by  Payen  (Mim.  de§  Saoantt  iirangert,  9,  32) ;  Damaa  (7Vat7^ 
de  Chimie,  Paris,  1843,  G,  316);  Mitscherlich  {Lehrb.  4  Aufl.  370);  SchloBsberger 
{Ann.PAarm.b\,  193). 

The  yeast  deposited  in  the  vinous  fermentation  of  beer,  of  diabetic 
urine,  of  grape-juice  or  other  natural  fruit-juices,  is  invariably  of  the 
same  composition.  (Qucvenne, /.  Fharm.  24,  265.) — In  commercial 
beer-yeast,  the  ccUs  of  Torvula  cereuisice  and  of  FenicilUum  glaucum  may 
be  distinguished  by  the  aid  of  the  microscope.  These  two  fungi  may 
be  separated  one  from  the  other,  by  washing  and  filtration,  the  larger 
cells  of  the  Torvula  remaining  on  the  filter  (and  exciting  vinous  fer- 
mentation when  introduced  into  sugar-solutions),  while  the  smaUer 
cells  of  the  Pmicillium  pass  through  the  filter  and,  consequentlj',  the 
filtrate  excites  lactic  acid  fermentation  in  sugar-solutiona    (Blondeau.) 

On  the  distinction  between  top-  and  bottom -yeast,  see  Mitscherlich  (Poffff.  59,  94) ; 
R.  Wagner  (/.  pr.  Chem,  45, 241);  on  beer-yeast  in  general,  Colin  {Ann,  CMm,  Phye, 
30,  42). 

Fermentation  takes  place  only  when  the  solution  is  sufficiently 
diluted  with  water ;  with  less  than  4  pts.  water  to  1  pt.  sugar,  it 
takes  place  but  imperfectly  or  not  at  all,  partly  perhaps  because  the 
resulting  alcohol  precipitates  the  nitrogenous  substances,  destroys 
the  fermentative  power  of  the  yeast,  or  renders  the  liquid  uiifit  for  its 
further  development.  If,  on  the  other  hand,  the  liquid  is  too  dilute, 
the  fermentation  is  slow,  iiregular,  and  easily  passes  into  acetous  fer- 
mentation. Moreover  it  is  necessaiy  that  tne  yeast  be  in  direct  con- 
tact with  the  sugar-solutions.  A  solution  of  sugar  contained  in  a 
bladder  suspended  within  a  fermenting  liquid,  does  not  fennent,  but 
merely  takes  up  a  Httle  alcohol  by  diffusion.     (Helmholtz,  p.  266.) 

W  lien  a  tube,  plugged  with  filtering  paper  and  containing  yeast, 
is  introduced  into  a  sugar-solution,  this  solution  passes  through  the 
paper  and  ferments  within  the  tube,  but  not  outside.    (Mitscherlich, 
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i\r.  Ann.  Ohm.  Phys.  7,  80.)  When  a  solution  of  sug^ar  contamed  in  a 
test-tube  is  separated  into  two  parts  by  a  cotton  plug,  and  yeast  is 
introduced  into  the  upper  part,  this  part  ferments,  but  not  the  lower. 
(H.  Hoffmann,  Ann.  Pharni,  115,  228.) 

An  increase  of  yeast  takes  place  in  fermentation,  when  the  liquid, 
in  addition  to  sugar,  contains  a  nitrogenous  substance.  When,  on 
the  contrary,  yeast  is  left  in  contact  with  a  pure  solution  of  sugar,  it 
diminishes  both  in  weight  and  in  fermenting  power,  and  in  the  end 
becomes  totally  inactive.    (Payen,  Quevenne.) 

In  the  fermentation  of  pure  sugar-solutions,  the  yeast  first  increases 
in  weight  and  then  diminishes,  because  it  first  assimilates  the  con- 
stituents of  sugar,  and  gives  them  np  again  as  the  fermentation  pro- 
gresses.    (Quevenne,  J.  Pharm.  27,  693.) 

Yeast  may  grow  and  increase  in  sugar-solutions  if  they  are  mixed 
with  ammoniacal  salts,  yeast-ash,  and  a  trace  of  yeast, — ^fermentation 
then  also  ensuing.  * 

If  to  10  giy.  of  sugar-candy  there  be  added  1  gr.  of  yeast-ash, 
0*1  gr.  tartrate  of  ammonia  and  a  piece  of  moist  yeast  of  the  size  of  a 
pin*s  head,  carbonic  acid  begins  to  escape  after  the  lapse  of  24  to  36 
hours,  and  in  the  following  days  yeast  separates  out.  In  the  latter, 
the  microscope  will  distinguish  the  old  cells  added  to  the  liquid  from 
the  transparent  younger  cells.  In  time  however  these  differences  dis- 
appear, and  the  whole  of  the  yeast  assumes  the  granular  aspect  of  old 
washed  yeast.  If  the  constituents  of  .the  ash  or  the  ammonia-salts 
are  absent  no  fermentation  takes  place ;  if  the  yeast  cells  are  absent, 
infusoria  and  lactous  ferment  are  produced,  but  no  yeast  cells, 
apparently  because  the  liquid  is  not  adapted  for  their  develop- 
ment (from  the  spores  contained  in  the  air).  If  the  mixture  be  boiled, 
and  afterwards  brought  in  contact  only  with  heated  air,  no  fer- 
mentation of  any  kind  takes  place. 

Sugar-solution  mixed  with  white  of  hen's  egg,  passes,  in  the  course 
of  3  or  4  weeks,  into  a  state  of  slow  fermentation  and  deposits  cells  of 
yeast  (Colin  &  Thenard,  Turpin).  Even  when  yeast-cells  are  added, 
this  fermentation  does  not  take  place  till  the  albumin  has  passed  into 
a  state  of  decomposition.  But  blood-serum,  flesh-juice,  and  the  wash- 
water  of  yeast  may  serve  for  the  formation  of  yeast  without  further 
aid,  so  that,  after  addition  of  sugar,  yeast-cells  are  actively  developed 
in  these  liquids  (Pasteur). 

Yeast  grows  and  multiplies  in  pure  sugar-solutions  as  well  as  in 
such  as  have  been  mixed  with  albuminoidal  substances.  In  the  former 
case  all  the  yeast-cells  are  found,  at  the  end  of  the  fermentation,  to 
be  deprived  of  their  soluble  nitrogenous  constituents,  which  have  been 
used  for  the  f onnation  of  new  yeast-cells ;  in  the  second  case,  there 
are  fomid,  together  with  the  exhausted  cells,  a  large  number  of  newly- 
formed  cells  filled  with  soluble  mineral  and  albuminoidal  substances 
(Pasteur). — When  sugar-solutions  are  fermented  with  15  to  20  per 
cent,  of  moist  yeast,  the  quantity  of  yeast  found  at  the  end  of  the 
fermentation  is  less  than  that  originally  contained  in  the  liquid.  If, 
on  the  contrary,  the  weight  of  the  yeast  .was  10  p.  c.  or  less  of  that  of 
the  sugar,  it  increases  during  the  fermentation.  But  if  to  the  weight 
of  the  recovered  yeast,  there  be  added  that  of  the  nitrogenous  sub- 
stances which  have  passed  into  the  solution,  the  sum  of  the  weights 
of  the  two  substances  exceeds  that  of  the  yeast  originally  employed 
by  1'2  to  1*5  p.  c.  of  the  sugar,    li  albuminoidal  substances  are  like- 
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wise  added,  they  are  consumed  in  the  formation  of  yeast ;  so  that 
here  also  the  weight  of  the  yeast  separated  at  the  end  of  the  fer- 
mentation, together  with  that  of  the  yeast-constituents  which  have 
passed  into  the  solution,  is  somewhat  greater  than  the  weight  of  the 
albuminoidal  substances  used  (Pasteur). 

When  yeast  mixed  with  sugar-solution  and  albuminoidal  substances 
is  exposed  to  the  air  in  shallow  vessels,  oxygen  is  absorbed,  and  a 
quick  and  active  increase  of  the  yeast-cells  taJces  place,  only  6  to  8  pts. 
of  sugar  being  decomposed  for  every  1  pt.  of  the  newly-formed  yeast. 
The  yeast  thus  formed,  if  introduced  into  sugar- water  without  coming 
in  contact  with  the  air,  immediately  excites  very  active  fermentation. 
(Pasteur,  Compt  rend,  52,  1260).  Hence  Pasteur  concludes  that  yeast 
can  live  in  two  different  ways,  either  without  contact  of  air,  in  which 
case  it  decomposes  about  100  times  its  weight  of  sugar,  growing  and 
multiplying  but  slowly,  or  in  contact  with  the  air,  in  which  case  its 
reproduction  goes  on  very  qhickly,  but  only  a  small  quantity  of  sugar, 
or,  under  favourable  circumstances,  perhaps  none  at  alii,  is  converted 
into  alcohol  and  carbonic  acid. — With  free  access  of  air,  yeast  may 
grow  in  solutions  containing  albuminoidal  substances,  but  no  sugar 
whatever,  or  only  milk-sugar  (Pasteur,  Bull  Soc.  Chim,  Paris,  1861,  79). 
Th^nard  {Ann.  Chim.  46,  294)  fermented  100  pts.  of  sugar  with  20 
pts.  of  beer-yeast,  and  obtained  13*7  pts,  of  insoluble  residue,  which, 
when  brought  in  contact  with  a  larger  quantity  of  sugar,  diminished 
to  10  pts.  The  latter  was  white,  resembled  woody  fibre,  and  was  no 
long-er  capable  of  exciting  fermentation. 

The  quantity  of  yeast  must  bear  a  definite  proportion  to  that  of 
the  sugar ;  if  the  sugar  is  in  excess,  part  of  it  remains  undecomposed 
or  merely  undergoes  a  very  slow  after-fermentation,  often  going  on 
for  years. — If,  after  all  the  sugar  is  decomposed,  the  fermented  liquid 
remains  in  contact  with  the  yeast,  or  with  nitrogenous  matter  not 
wholly  converted  into  yeast,  putrefaction  may  ensue. 

Sugar-solutions  containing  a  sufficient  quantity  of  yeast,  ferment 
completely  in  two  or  three  weeks,  unless  lactic  acid  fermentation 
takes  place.  But  an  extremely  protracted  fermentation  ensues  when 
yeast  is  mixed  with  excess  of  sugar.  In  this  case,  the  yeast  lives  at 
the  expense  of  the  soluble  tiitrogenous  substances,  and  after  these  are 
used  up,  the  younger  cells  continue  to  grow  at  the  expense  of  the  older 
(Pasteur). 

During  fermentation,  part  of  the  yeast  is  resolved  into  soluble 
products  (Th^nard). — The  yeaSt  recovered  from  pure  sugar-solutions 
after  fennentation  is  less  rich  in  nitrogen  than  the  original  yeast, 
partly  because  its  weight  has  been  increased  by  the  addition  of  non- 
azotised  matter  from  the  sugar,  partly  because  a  portion  of  its  own 
nitrogenous  substance  has  passed  into  the  solution.  On  the  other 
hand,  it  contains  more  woody  fibre  and  fat  than  before  fermentation ; 
these  substances  have  therefore  been  formed  from  the  sugar.  The 
yeast  formed  in  sugar-solutions  mixed  with  ammonia-salts,  yeast-ash, 
and  traces  of  yeast-cells,  contains  fat  (Pasteur).   Th^ard(^iMi.  dim.  46, 

2!94)  supposed  that  yeast  might  be  obtained  free  from  nitrogen  by  fermentation  with 
ezonss  of  sugar. 

The  nitrogen  of  yeast  is  not  converted  into  ammonia  during  fer- 
mentation ;  on  the  contrary,  any  ammonia  that  may  be  added  dis- 
appears wholly  or  partially  (Pasteur).  DoberdQer  sunpoted  thtt  the  nitrogen 
of  yMftt  WM  cwiTerted  into  unihloi^  during  fermentation. 
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When  6tigar  is  fermented  with  the  water  obtained  by  Washing 
beer-reast  (which  has  dissolved  out  the  soluble  constituents  of  the 
yeast),  and  with  a  trace  of  yeast-globules,  scarcely  half  the  original 
quantity  of  ammonia  is  found  in  the  yeast  at  the  end  of  the  fermenta- 
tion. In  other  cases,  scarcely  any  ammonia  is  found  in  the  liquid  after 
fermentation.  When  tartrate  of  ammonia  was'  added  to  the  solution 
before  fermentation,  the  fermented  liquid  contained  free  tartaric  acid, 
and  only  f  of  the  ammonia  added  (Pasteur). 

When  sugar-solutions  are  fermented  with  a  very  large  excess  of 
yeasty  the  formation  of  alcohol  and  carbonic  acid  goes  on,  even  after 
all  the  sugar  is  decomposed,  at  the  expense  of  the  -non-azotised 
matter  of  the  yeast,  so  that  the  amount  of  these  two  products 
obtained  is  more  than  equivalent  to  that  of  the  sugar. 

The  production  of  additional  quantities  of  alcohol  and  carbonic 
acid  at  the  expense  of  the  substance  of  the  yeast  does  not  take  place 
invariably  when  the  small  quantities  of  yeast  absolutely  required  for 
the  fermentation  are  exceeded,  not  even  when  40  pts.  of  moist  yeast 
(corresponding  to  8  pts.  of  the  dry  substance)  are  added  for  every 
100  pts.  of  sugar^  but  only  when  the  yeast  is  in  very  large  excess. 
Sugar  yields,  with  an  equal  weight  of  moist  yeast,  scarcely  more  car- 
bonic acid  than  corresponds  to  its  weight ;  with  6  to  7  pts.  moist 
yeast,  from  ^W  to  -|»ff  more,  but  with  23^  pts.  dry  y&ast  =  (110  pts. 
moist),  it  yields  about  three  times  as  much.  The  weight  of  the 
additional  quantity  of  alcohol  produced  is  likewise  equivalent  to  that 
of  the  carbonic  acid.  —  Very  active  yeasty  kept  under  water,  under- 
goes a  similar  fermentation  at  the  expense  of  its  own  substance^ 
bpfore  it  passes,  by  lon^  keeping,  into  the  putrefactive  state  (Pasteur). 
Yeast  loses  a  considerable  portion  of  its  fermenting  power  by 
pressure^  and  still  more  by  washing  with  water  (p.  267).— After 
thorough  drying)  its  power  of  exciting  fermentation  is  for  the  most 
part  destroyed.  This  statement  is  opposed  to  that  of  Cagniard  de 
Latour.— It  likewise  becomes  inactive  when  heated  either  alone  or 
with  water.  Dried  yeast  excites  fermentation  even  after  cooling  by 
solid  carbonic  acid.  (Cagniard  de  Latour.)— Teast  crushed  on  the 
grindstone  no  longer  excites  fermentation  (Lttdersdorff,  Pogg,  67, 
409))  or  only  afti^  a  considerable  time  ('Wagner);  it  then  excites 
lactous  fermentation.  (G.  Schmidt.)  Yeast  altered  by  too  long-con- 
tinued putrefaction,  is  inactive ;  but  if  the  putrefaction  has  been  less 
prolonged,  it  may  be  checked  and  converted  into*  fermentation  bj* 
addition  of  sugar.  (Schlossberger,  Ann,  Pharm.  51,  211.)— The 
fermentative  power  of  yeast  is  destroyed  by  all  substances  which 
exert  a  poisonous  action  on  fungi,  but  not  by  such  as  kill  animals. 
(Schwann;  Mitscherlich,  N.  J,  Pharm,  4,  218.)  Yeast  sprinkled  with 
alcohol,  loBM  its  fermentative  power,  which  is  not  tranarerred  to  the 
alcohoL 

The  action  of  yeast  on  sugar  is  prevented  by  too  great  concentra- 
tion of  the  solution,  whether  due  to  alkaline  chlorides,  gelatin,  gly- 
cerin, or  sugar.  (Berthelot,  N,  Ann,  Chm,  Phys,  50,  352.)  Strong 
mineral  acids,  added  even  in  small  quantity,  prevent  the  fermentation, 
phosphoric  acid  alone  acting  favourably.  (Wagner,  J.  pr.  Cfiem.  45, 
241.)  Sulphuric  acid  does  not  accelerate  the  fermentation  of  sugar 
(Rose) ;  sulphurous  add  stops  it.  (Henry,  Ann.  Chim,  76,  290 ;  Gay- 
Lussac.)  Water  saturated  with  bisulphide  of  carbon  does  not  pre- 
vent fermentation)  at  least  not  coiiq)letely.    (Berthelot.)    Aiseaious 
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acid  does  not  prevent  fermentation.  (Quevenne,  Schlossberger.) 
According  to  Rousseau,  vegetable  acids  are  essential  to  fermentation ; 
according  to  Anthon,  they  are  injurious.  Small  quantities  of  formic, 
oxalic,  or  acetic  acid,  destroy  the  activity  of  ferment  (Dobereiner) ; 
acetic  acid,  and  especially  lactic  acid,  act  favourably,  according  to 
Mulder  and  Wagner,  unfavourably  according  to  Dumas  and  Anthon 
{Dingl,  153,  303 ;  164,  223) ;  tartar  acts  favourably  with  cane-sugar 
according  to  Rose,  injuriously  with  fruit-juices  or  grape-sugar,  accord- 
ing to  Anthon.  _  The  juice  of  unripe  gooseberries  or  cun*ants  mixed 
with  grape-sugar  ferments  more  completely  when  neutralised  with 
carbonate  of  lime  than  in  the  sour  state.  (Anthon,  DmgL  153,  385). 
The  fermentation  of  sugar-solutions  mixed  with  yeast  goes  on  most 
quickly  when  the  liquid  is  kept  neutral  by  addition  of  carbonate  of 
lime,  the  action  not  being  necessarily  accompanied  by  formation  of 
lactic  acid.  But  such  a  liquid  also  promotes  the  development  of 
lactous  feiment,  so  that  a  portion  of  the  sugar  is  apt  to  be  converted 
into  lactic  acid.  (Pasteur,  N.  Arm.  Chxm,  Phys,  62,  416.)— Fermenta- 
tion is  not  prevented  by  the  oxides  of  zinc,  lead,  and  copper,  the  car- 
bonates of  baryta,  magnesia,  manganese,  and  nickel,  or  even  by 
metallic  iron  or  ferrous  carbonate ;  but  soluble  iron-salts  partly  prevent 
fermentation,  and  ferric  sulphate  added  to  the  amount  of  30  p.  c  of 
the  sugar,  stops  it  entirely.  A  similar  counteracting  effect  is  produced 
by  peroxide  of  manganese,  carbonate  of  copper,  carbonate  of  lead,  and 
soluble  lead-salts.  (Berthelot.)  Mercuric  oxide  destroys  the  fermen- 
tative power  of  yeast.  (Colin.)  Fermentation  is  retarded  by  potash 
or  lime  (Cruikshank),  by  soaps  (Wagner),  interrupted  by  a  small 
quantity  of  common  salt.  (Dobereiner.)  Fermentation  is  not  prevented, 
or  at  least  not  completely,  by  bicarbonate  of  potash  or  carbonate  of 
soda,  to  the  amoimt  of  10  p.  c.  of  the  sugar  (50  p.  c.  stops  it  com- 
pletely), sulphate  of  soda  or  sulphite  of  lime ;  it  is  not  prevented  by 
hyposulphite,  borate  or  phosphate  of  soda,  or  by  tartar  emetic  (Mits- 
cherlich),  extract  of  nux  vomica  (Schwann,  Ure),  quinine  or  strychnine 
(Wagner).  Wine-must  added  to  mustard-powder  or  oil  of  mustard  does 
not  ferment  in  8  months.  (Fontenelle,  J.  Pharm.  9,  437.)  Oil  of  tur- 
pentine does  not  prevent  the  action  of  yeast  upon  sugar.  (Berthelot.) 
Yeast-cells  sown  in  onion-juice  expressed  and  mixed  with  sugar, 
never  •  develop  themselves,  unless  the  volatile  oil  is  driven  out  by 
boiling.  (Pasteur,  N.  Ann,  Chim,  Phys.  52,  416.)  On  the  inflaence  of 
Yarious  bodies  on  vinous  fermentation,  see  also  Leuchs  Chem.  Centr.  1861,  385). 

j9.  Cane-sugar  does  not  undergo  vinous  fermentation,  till,  under 
the  influence  of  a  peculiar  substance  in  the  yeast,  or  of  a  substance 
contained  especially  in  the  kernel  of  fruits,  it  has  been  resolved,  with 
assumption  of  water,  into  leave-  and  dextro-glucose.  (Dubrunfaut, 
Berthelot,  Buignet).  In  this  re-action,  the  specific  gravity  of  the  cane- 
sugar  solution  increases  (Graham,  Hoffmann  &  Redwood,  Chem.  Soc. 
Qu.  J.  231 ;  Lieb.  Kopp.  Jahresber.  1852,  801). 

Cane-sugar  does  not  split  up  into  alcohol  and  carbonic  acid,  till  it 
has  taken  up  an  atom  of  water  (Dumas  &  BouUay,  Ann.  Chim.  Phys. 
37,  46).  It  is  converted,  previous  to  fermentation,  into  uncrystallisable 
(Dubrunfaut,  1838),  Isevo-rotatory  sugar  (Persoz,  Compt.  rend.  17,  755  ; 
N.  Ann.  Chim.  Phys.  18,  102),  into  gi*ape-sugar  (Bose,  Poyg.  52,  293). 
The  spontaneous  fermentation  which  sacchariferous  vegetable  juices 
undergo  on  standing,  produces  inversion  of  the  cane-sugar  contained 
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in  them.  (Biot,  Compt,  rend,  15,  528 ;  Ilochstetter,  J.  />r.  Ckein,  29,  29.) 
The  conversion  of  cane-sugar  into  uncrystallisable  sugar  is  like- 
wise produced  by  boiling  with  nitrogenous  substances  (Hochstetter). 

Cane-sugar  solution  in  contact  with  washed  yeast  docB  not  ferment 
for  a  month  at  20°  or  even  at  38°,  whereas  grape-sugar  ferments 
completely  under  similar  cii'cumstances.    It  is  not  till  a  six-  or  eight- 
fold quantity  of  yeast  has  been  added,  that  slow  fermentation  takes 
place,  the  larger  quantity  of  yeast  first  converting  the  cane-sug^r 
into  grape-sugar.     If  the  fermenting  cane-sugar  solution  is  mixed 
with  a  quantity  of  alcohol  sufficient  to  stop  the  fermentation,  and  the 
filtrate  evaporated  to  a  syrup,  a  non-crystallisable  mass  is  obtained 
resembling  honey,  and  behaving  with  potash  like  grape-sugar  (Rose). 
Grape-sugar  certainly  ferments  somewhat  better  and  more  quickly 
than  cane-sugar,  but  without  exhibiting  the  great  differences  men- 
tioned by  Rose.     The  same  quantity  of  yeast  suffices  for  both  kinds 
of  sugar.     (Pasteur,  N,  Ann.  Chim.  Phys,  68,  357.)     The  sugar  pro- 
duced from  cane-sugar  by  the  action  of  a  ferment,  cannot  be  obtained 
in  the  crystalline  state,  and  is  different  from  grape-sugar,  polarising  less 
strongly  than  gi-anular  sugar  {KrumeLsucker).     This  transformation  of 
cane-sugar  is  produced  by  a  substance  which  is  present  in  the  yeast- 
spherules  and  may  be  extracted  by  water.     Consequently  cane-sugar 
ferments  with  washed  yeast    less  quickly  than  with  fresh  yeast. 
Ordinary  unwashed  yeast  brings  cane-sugar  into  fermentation  as 
quickly  as  grape-sugar  (Mitscherlich,  Beid.  Akad.  Ber.  1841,  300 ;  Pogg. 
55,  222 ;  Berz.  Jakresber,  22, 482).     According  to  a  former  view,  which 
Pasteur  {JSF.  Ann.  Chim.  Phys.  58,  357;   Compt  rend.   50,  1083)  still 
endeavours  to  maintain,  the  inversion  of  the  cane-sugar  is  produced  by 
the  free  acid  of  the  fermenting  liquid.     This  view  is  contradicted  by 
the  experiments  of  Mtscherlich,  as  well  as  by  those  mentioned  on 
page  254,  on  the  behaviour  of  cane-sugar  with  dilute  acids  at  mean 
temperatures,  and  by  the  following.  Succinic  acid  mixed  with  a  cane- 
sugar  solution  to  the  amount  of  0*38  p.  c.  does  not  produce  inversion  ; 
but  when  yeast,  which  has  been  pressed,  is  suspended  in  2  pts.  of 
water,  the  liquid  filtered,  after  some  hours  produces  transformation  of 
cane-sugar,  even  in  an  alkaline  solution,  but  no  fermentation  or  acidifi- 
cation.     When  the  same  liquid  is  mixed  with  its   own  volume   of 
alcohol,  white  nitrogenous  flocks  are  precijntated,  which  after  being 
washed  with  alcohol  and  dried,  become  yellow  and  horny,  and  arc 
capable  of   transforming  from  50  to  100  pts.  of  cane-sugar.     This 
substance  may  be  continually  reproduced  from  washed  yeast  by  again 
leaving  it  in  contact  with  water.  (Berthelot,  Compt.  rend.  50,  980  ;  Bep, 
Chim.  lyure^  2,  272.)  When  added  to  fruit- juices,  it  likewise  transforms 
the  cane-sugar  into  inverse  sugar  (Buignet,  N.  Ann.  Chim.  Phys.  61, 
.301).     The  nitrogenous  matter  of  beet-juice  also  converts  cane-sugar 
into  uncrystallisable  sugar ;  consequently  solutions  of  raw  sugar  are 
more  easily  decomp)osed  by  boiling  than  solutions  of  refined  sugar.    At 
the  same  time,  part  of  the  nitrogenous  matter  becomes  soluble  and  no 
longer  precipitable  by  heat,  lime,  or  tannic  acid.     (Hochstetter,  J.pr. 
Chem.  20,  29.) 

The  cane-sugar  in  the  expressed  juice  of  the  peach  quickly  under- 
goes this  transformation  on  standing  (even  if  the  free  acid  has  been 
neutralised);  but  if  the  juice  is  mixed  with  an  equal  quantity  of 
alcohol  and  filtered  from  tlie  resulting  precipitate,  the  transformation 
is   scarcely  perceptible  even   after  two  months.     The  acid  juice   of 
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apricots  may  be  kept  for  a  while  without  much  alteration  ;  but  if  it  be 
mixed  with  a  small  quantity  of  a  solution  obtamed  by  extracting 
crushed  gooseberries  with  water  and  filtering,  a  considerable  portion 
of  the  cane-sugar  in  the  apricot-juice  undergoes  t^ransformqition  in 
12  hours  at  ordinary  temperatures.    (Buignet.) 

At  the  beginning  of  the  fermentation,  and  even  an  hour  afterwards, 
a  solution  of  cane-sugar  still  exhibits  dextro-rotatory  power  which, 
however,  becomes  Itevo-rotatory  after  boiling  with  acids.  Hence  the 
transformation  of  the  cane-su^ar  into  inverse  sugar  takes  place 
during  the  fermentation,  not  before,  and  is  not  quite  complete 
even  towards  the  end  of  the  operation  (Soubeiran,  N.  J-  Pharm. 
4,  347). 

7.  When  a  solution  of  cane-sugar  which  has  been  transformed  by 
acids,  is  fermented,  the  rotatory  power  of  the  fermenting  liquid  does 
not  diminish  till  ^  or  •§■  of  the  sugar  is  converted  into  alcohol,  but 
from  this  point  a  regular  diminution  of  the  tevo-rotatory  power  takes 
place,  proportionate  to  the  quantity  of  sugar  decomposed.  The  cause 
of  this  alteration  is,  that  during  t^^e  first  half  of  the  fermentation 
2  at.  dextro-glucose  disappear  for  every  1  at.  laevo-rotatory  fruit- 
sugar,  whereas  during  the  second  half  of  the  fermentation,  2  at. 
Isevo-glucose  are  decomposed  for  every  1  at.  dextro-rotatory  grape- 
sugar.  (Dubrunfaut,  N,  Ann.  Chirn.  Phya.  21,  169;  CompU  rend. 
42,  904.)  This  behaviour  of  inverse  sugar  is  designated  by  Dubrun- 
faut as  Fermmtdiion  akooUque  Elective. 

So,  according  to  Dubrunfaut.  According  to  Soubeiran  (N.  J.  Phart^, 
4, 347)  the  solution  of  inverse  sugar  continues  to  exhibit  IsBVO-rotatory 
power  during  the  whole  of  the  fermentation,  this  power,  however, 
becoming  weaker  as  the  sugar  is  decomposed.  More  recently  {N.  J*. 
Pkarm,  16,  259),  Soubeiran  describes  the  following  experiment: 
Cane-sugar  completely  inverted  by  oxalic  acid  and  freed  from  that  acid 
by  addition  of  marble,  exhibited  when  dissolved  in  water,  18°  of  laevo- 
rotation  for  35*1  p.  c,  of  inverse  sugar  in  the  solution.  In  the  course 
of  the  fermentation,  the  laevo-rotation  rose  to  25°,  at  which  point  the 
solution  contained  21*3  p.  c.  inverse  sugar,  then  sank  to  10°,  when  the 
sugar  was  reduced  to  11*5  p.  c.  On  Dubnmfaut's  view,  this  and  the 
foUowing  statements  are  unintelligible.  (Kr.)  The  colourless  inactive 
sugar  obtained  by  heating  cane-sugar  with  a  little  water  to  160°,  does 
not  deflect  the  plane  of  polarisation  at  any  time  during  its  fermentation, 
but  during  the  fermentation  of  fruit-sugar  (Inyerse  sugar  is  probably  intended, 
inasmuch   as   Mitscherlich  was  not  acquainted  with   pure  Isevo-rotatory  fruit-sugar) 

the  rotatory  power  of  the  liquid  decreases  in  proportion  as  the  sugar 
is  decomposed,  though  it  does  not  actually  change  from  left  to  right. 
(Mitscherlich,  Berl  Ahad  Ber.  1843;  Poy^.  59,  94;  N.  J.  Pharm. 
4,  216).  Wben  dextro-glucose  is  mixed  with  inverse  sugar,  these 
two  kinds  of  sugar  disappear  during  fermentation,  simultaneously  and 
in  equal  proportion,  so  that  the  cessation  of  the  fermentation  does  not 
coincide  with  the  disappearance  of  the  inverse  sugar.  (Dubrunfaut). 
In  fermenting  honey,  the  laevo-rotatory  power  increases  at  first,  in 
consequence  of  the  inversion  of  the  cane-sugar  present ;  afterwards 
the  fermentation  proceeds  like  that  of  inverse  sugar.  But  towards  the 
end  of  the  process,  dextro-rotation'appears  again,  so  that  the  sugar, 
which  disappears  at  last,  appears  to  be  a  peculiar  kind  of  dextro-rota- 
toiy  sugar.  (Dubrunfaut.) 
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B,  In  vinous  fermentation,  the  greater  part  of  the  sngar  is  resolved 
into  alcohol  and  carbonic  acid : 

Ci3H«OW  =  2C^H602  +  4C03, 

a  smaller  portion,  not  jDxceeding  4  or  6  per  cent,,  being  converted  into 

glycerin,  succinic  acid^  and  .carbonic  acid.     The  yeast  itself  takes  up  a 

portion  of  the  elements  of  the  sugar,  varying  from  1  to  1^  per  cent. 

of  the  whole,  according  to  its  quantity,  in  the  form  of  cellulose  and  fat 

(Pasteur,  N.  Ann.  Chim,  Phys,  58,  330  ;  Prehminary  Notice,  Compt.  rend. 

46, 179,  and  857). —  On  the  formation  of  cellulose  from  sngar  daring  fermentation, 
see  Terreil  {Bull.  Soc.  Chim,  Paris,  1861,   109),  and  Pasteur's  remarks  (Ibid,  111.) 

For  the  formation  of  succinic  acid  and  glyceiin,  Pasteur  gives  the 
equation : 

49C^HWOW  +  60HO  =  UCm^Cfi  +  72C«H«0«  +  60CO«. 

Lavoisier  found  the  sum  of  the  weights  of  the  carbonic  acid  and 
alcohol  nearly  equal  to  the  weight  of  the  sugar  employed.  Gay- 
Lussac  {Ann.  Chim.  95,  318)  calculated  therefrom  that  100  pts.  cane- 
sugar  should  yield  51*34  pts.  alcohol  and  48*66  carbonic  acid.  Dumas 
&  Boullay  (Ann.  Chim.  Phys,  37,  45)  showed  that  cane-sugar  must 
take  up  an  atom  of  water,  before  it  can  resolve  itself  into  alcohol  and 
carbonic  acid.  The  acid  present  in  vinous  fermentation  was  regarded  by 
Lavoisier  and  Thenard  as  acetic  add,  by  others  as  lactic  acid.  But 
the  formation  of  lactic  acid  takes  place  only  when  its  peculiar  ferment 
is  present,  not  during  the  fermentation  excited  by  beer-yeast 
(Pasteiu*).  The  occurrence  of  succinic  acid  was  formerly  observed  in 
the  fermentation  of  honey,  bread,  and  Siliqua  dulcis,  by  Beissenhirtz 
(Berl.  Jahrh.  1818,  158),  of  pea-flour  with  casein,  by  Dessaigues ;  in 
fermenting  sugar-solution  by  Schmidt  (Lieb.  Kopp.  Jahresber.  1847-8, 
466);  in  the  fermentation  of  sugar  with  madder-ferment  by 
Schunck  (J.  pr.  Chem.  63,  222).  But  Pasteur  first  showed  that 
succinic  acid  is  an  essential  and  constant  product  of  vinous  fermenta- 
tion, after  Guerin-Varry  (Ann.  Chim.  Phys.  60,  58)  had  pointed  out 
that,  in  the  fermentation  of  cane-sugar,  3*6  per  cent,  of  the  sugar  is 
lost  for  the  formation  of  alcohol  and  carbonic  acid,  because  other  pro- 
ducts are  likewise  formed. 

100  pts.  of  cane-sugar  brought  in  contact  with  a  quantity  of 
yeast,  which  would  have  weighed  1*2  pts.  in  the  dry  state,  yielded 
0*673  pts.  succinic  acid,  and  3'64  pts.  glycerin.  Part  of  thfe  yeast  was 
converted  into  soluble  (acid)  substances ;  but  the  weight  of  the  yeast 
recovered  from  the  fermented  liquid  was  greater  than  that  of  the 
yeast  originally  employed,  because  it  had  assimilated  the  elements  of 
the  sugar.  The  soluble  matter  is  a  product  of  the  decomposition  of 
the  yeast,  and  is  formed  in  greater  abundance  in  proportion  as  a 
larger  quantity  of  yeast  has  been  employed.  The  substance  taken  up 
by  the  yeast  amounts  to  between  1  and  1^  per  cent,  of  the  sugar,  if 
the  fermentation  is  set  up  by  adding  to  the  sugar-solution  albu- 
minous substances  and  only  so  much  yeast  as  is  required  for  regular 
fermentation  ;  it  is  contained  in  the  yeast  chiefly  as  fat  and  cellulose, 
and  is  produced  in  larger  quantity  when  the  sugar  is  in  excess 
(Pasteur). 

Glycerin  and  succinic  acid  are  produced  by  the  yeast  itself,  not  by 
any  peculiar  ferment  (such  as  the  lactons  acid  ferment).  Both  these  bodies, 
as  well  as  the  carbonic  acid,  are  products  of  the  decomposition  of  the 
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sugar,  not  of  tbo  yeast  [it  should  perhaps  be :  their  formation  is  a  result  of  tbe 
vitality  of  the  yeast,  not  of  the  decomposition  of  dying  yeast  (Kr.)].      They  arc 

always  produced,  whatever  may  be  the  temperature  of  the  fermenting 
liquid,  the  atmospheric  pressure,  or  the  weight  and  variety  of  the  sugar 
employed, — ^by  old  as  well  as  by  newly  formed  yeast,  in  acid.as  well  as 
in  neutral  liquids,  but  more  abimdantly  in  the  latter ;  in  larger  quantity 
also  when  the  fermentation  is  comparatively  slow.  Their  absolute 
quantity  is  variable ;  but  their  weights  are  for  the  most  part  in 
aefinite  relation  to  one  another  (Pasteur), 

When  yeast  is  heated  with  solution  of  sugar  to  100°,  just  after  the 
fermentation  has  commenced,  an  abundant  and  continuous  evolution 
of  carbonic  acid  takes  place,  according  to  Quevenne  (/.  Pharm,  27, 603), 
and  at  the  same  time  there  is  formed  from  the  sugar,  not  alcohol,  but 
a  peculiar,  uncrystallisable  and  non-fermentable  substance.  According 
to  Berthelot,  the  carbonic  acid  evolved  on  heating  is  merely  that  which 
has  been  previously  formed  by  the  vinous  fermentation,  and  the 
amoimt  of  sugar  decomposed  does  not  exceed  that  which  corresponds 
to  the  carbonic  acid.  (N.  Ann,  Chim.  Phys,  52,  3 62. J 

Besides  common  alcohol,  there  are  produced,  auring  fermentation, 
small  quantities  of  other  alcohols  especially  hutylic  alcohol  (C*H^°C)"), 
amyUc  alcohol  (C^H^K)*),  and  others,  but  no  methylic  alcohol.  On  the 
formation  of  these  bodies,  see  Manmenc  {Compt,  rend,  45,  1021) ;  Wurtz  (N,  Asm, 
Chim,  PhyM,  42,  129.) 

The  carbonic  acid  which  escapes  in  fermentation  is  not  mixed  with 
any  other  gas.  (Thenard).— Pasteur  found  ^^^  nitrogen,  not  proceeding 
from  the  yeast.    So  likewise  Berthelot  (N,  Ann,  Chim,  Phys,  52,  362).     It  is  quite 

free  from  hydrosulphuric  acid.  (Schlossberger,  Ann,  Pharm.  61,  203.) 
The  bubbles  of  carbonic  acid  are  never  evolved  from  the  yeast-cells,  but  always  from 
particles  of  foreign  bodies  present  in  the  liquid.     (Pasteur.) 

The  gum,  extractive  matter  and  malic  acid  (Proust),  the  dextrin 
(Ventzke,  J,  pr,  Chem,  25,  81)  contained  in  fermenting  liquids,  arc  not 
altered  by  the  fermentation. 

Lactous  Fermentation,  See  x,  70,  and  xi,  473.  In  the  preparation  of 
of  lactic  acid  (xi,  475),  the  precipitate  formed  on  the  bottom  and  sides 
of  the  vessel  from  the  chalk  and  the  decomposition-products  of  the 
cheese  is  found,  at  the  end  of  the  fermentation,  to  be  covered  with  a 
small  quantity  of  a  grey  substance,  the  lactous  ferment.  When  this 
substance  is  introduced  into  a  cooled  and  clear-filtered  decoction  of 
beer-yeast,  together  with  from  15  tu  20  pts.  of  water,  chalk,  and  a 
quantity  of  sugar  equal  to  from  -sV  ^^  iV  ^^  ^^^^  liquid,  and  this  liquid 
is  kept  at  a  temperature  of  30°  to  85°  for  some  days,  a  brisk  evolution 
of  carbonic  acid  and  hydrogen  takes  place,  the  liquid  becomes 
turbid  and  deposits  a  precipitate,  and  the  chalk  dissolves  in  the  form 
of  lactate  of  lime.  The  new  (and  already  pure)  lactous  ferment 
separated  at  this  stage  of  the  process,  if  introduced,  together  with 
chalk,  into  sugar-water,  produces  within  an  hour,  an  incipient  evolu- 
tion of  gas  and  conversion  of  the  sugar  into  lactate  of  lime.  (Pastern*, 
iV.  Ann.  Cliim,Phys,  52,  404.) 

As  yeast  is  necessary  to  vinous  fermentation,  so  likewise  does 
lactous  fermentation  require  the  presence  of  a  peculiar  substance,  the 
lactous  fetment  (Blondeau,  Pasteur).  This  ferment,  according  to  Blon- 
deau,  is  the  Penicillium  glaucum.  When  lactous  fermentation  is  set  up 
in  suitable  sugar-solutions  merely  left  to  themselves,  it  is  because 
certain  bodies  present  in  the  air  develop,  in  the  liquid,  into  cells  of 
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lactous  ferment,  which  then  set  up  the  fennentation.  If,  therefore, 
the  air  is  excluded,  or  if  only  heated  air  has  access  to  the  liquid,  no 
lactous  fermentation  will  take  place  unless  lactous  ferment  is  added 
(Pasteur). 

Lactous  ferment,  viewed  in  the  mass,  resembles  beer-yeast ;  it  is 
grey,  slightly  glutinous,  and  appears,  imder  the  microscope,  to  con- 
sist of  very  small  spherules  of  7^  mm.  diameter,  some  isolated,  others 
united  in  groups,  and  possessing  molecular  motion  (Pasteur).  The 
cells  of  Penicillium  glattcumhskYe,  at  most,  a  diameter  of  j^mm. ;  they 
increase  at  first,  like  the  cells  of  yeast,  by  formation  of  new  round 
cells,  but  afterwards  by  formation  of  elongated  and  many-branched 
cells,  which  ultimately  cover  the  surface  like  a  white  mould  (filondeau). 

A  small  quantity  of  lactous  ferment  is  capable  of  decomposing  a 
large  quantity  of  sugar,  provided  the  liquid  is  kept  neutral  by  chalk, 
otherwise  its  action  on  the  sugar  is  retarded  by  the  free  acid.  It 
increases  if  nitrogenous  matter,  which  may  serve  to  nourish  it,  is  like- 
wise present.  By  desiccation  or  by  boiling  with  water,  its  action  is 
weakeaed,  but  not  altogether  prevented.  It  acts  best  on  sugar  when 
air  is  excluded,  inasmuch  as  the  action  is  then  not  interfered  with, 
either  by  the  formation  of  mould  or  by  infusoria.  If  no  other  ferment 
is  present,  the  lactous  fermentation  goes  on  regularly,  and  often  more 
quickly  than  vinous  fermentation  (Pasteur). 

In  solutions  of  cane-sugar  containing  phosphoric  add  and  ammo- 
niacal  salts,  Penicillium  glaucum  can  grow  and  convert  all  the  sugar 
into  lactic  acid  (Pasteur,  Compt.  rend,  51,  298). 

Previous  to  lactous  fermentation,  the  liquid  always  becomes  vis- 
cous, in  consequence  of  the  development  of  Fenicillium  fflaucum^  whose 
ramifications  fill  the  liquid  to  such  an  extent  that  it  does  not  run  out 
when  the  vessel  is  inverted.  If  this  plant  can  develop  itself  in  sugar- 
solutions,  lactous  fermentation  ensues  whether  the  liquid  is  acid  or 
alkaline.  If  the  liquid  also  contains  albuminous  substances,  these 
yield  ammonia  and  carbonic  acid  for  the  development  of  the  Fenicillium^ 
and  are  partially  converted  into  butyric  acid,  while  part  of  the  sugar 
is  transformed  into  mannite  (Blondeau,  iV.  /.  Pharm,  12,  257). 

The  spontaneously  developed  fermentation  of  saccharine  juices  con- 
taining nitrogen,  is  sometimeslactous,  sometimes  vinous,  most  frequently 
both  together.— If  yeast  (as  is  generally  the  case)  contains  the  cells  of 
Penicillium  glaucum^  as  well  as  those  of  Torvula  cerevisice^  vinous  fermen- 
tation takes  place  first,  then  lactous  fermentation,  at  the  expense  of  still 
unaltered  sugar.  (Blondeau.)  When  sugar-solutions  are  brought  into 
the  state  of  lactous  fermentation  by  cheese  (or  other  nitrogenous  sub- 
stances) the  lactic  acid,  formed  after  a  while,  prevents  the  fiirther  action 
of  the  ferment,  but  after  repeated  addition  of  bicarbonate  of  soda 
(Boutron  &  Premy),  or  chalk  (Pelouze  &  Gelis),  the  whole  of  the  sugar  is 
converted  into  lactic  add. —Slightly  alkaline  liquids  are  best  adapted 
for  the  development  of  lactous  ferment,  neutral  liquids  for  the  develop- 
ment of  yeast.  (Pasteur.)  The  kind  of  fermentation,  vinous  or  lactous, 
excited  in  sugar-solutioDS  by  a  nitrogenous  substance  depends  upon 
the  stage  of  decomposition  at  which  that  substance  has  arrived. 
(Boutron  &  Fremy.) 

Sugar-solutions  undergo  lactous  fermentation  in  contact  with 
various  membranes,  especially  calfs  rennet  (Fremy,  Compt.  rend.  8, 
96,  and  9,  165  ;  see  also  Gay-Lussac,  Compt.  rend.  9,  46),  with  diastase 
altered  by  exposure  to  the  air— with  the  previously  altered  nitrogenous 
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substance  of  bcct-juicc  —  with  decomposing  animal  bladder  —  with 
whey.  (Boutron  &  Fremy,  iT.  Ann.  Ckim,  Phys,  2,  256 ;  Blbndean.)  — 
When  urine,  mixed  with  sugar,  is  left  to  itself,  Pemcillium  glaucum 
becomes  developed,  and  lactic  acid  is  produced.     (Blondeau.]) 

The  soluble  parts  of  glutin  and  casein,  as  well  as  the  nitrogenous 
liquid  which  remains  after  vinous  fermentation,  are  peculiarly  well  adapted 
for  the  development  of  lactoUs  ferment ;  consequently,  when  these 
liquids  are  mixed  with  sugar  and  exposed  to  the  aff,  ferment  is  formed 
in  them,  even  if  yeast  is  added,  the  two  ferments  then  exerting  their 

specific  actions  side  by  side  (Pasteur)  ;  see  also  Mucous  Fermentation,  p.  280. 

The  solution  of  sugar  in  whey  becomes  so  viscid  in  a  few  days,  as 
not  to  run  out  when  the  vessel  is  inverted.  Each  drop  of  the  liquid 
then  exhibits  under  the  microscope  a  large  number  of  individual  cells, 
and  of  ihtergrown  shoots,  which  when  developed  rise  to  the  surface 
and  there  fructify,  so  that  the  liquid  becomes  covered  with  a  layer  of 
mould.  The  mass  which  has  then  again  become  fluid,  contains  acetic, 
lactic,  or  butyric  acid,  according  to  the  species  of  plant  which  has 
been  developed  in  it.  —  If  carbonate  of  ammonia  has  been  added  to 
the  saccharine  whey,  no  penicillium  cells  are  formed  in  it,  or  only  very 
few. 

A  mixture  of  4  pts.  sugar,  2  pts.  chalk,  8  pts.  cheese,  and  20  pts. 
water  exposed  to  a  temperature  between  20°  and  25°,  ^ves  off,  within 
the  first  8  days,  carbonic  acid  mixed  with  a  very  small  quantity  of 
hydrogen.  In  open  vessels,  the  surface  becomes  covered  with  a  layer 
of  mould  containing  a  large  number  of  cells  of  Penicillium  glaucum ;  the 
liquid  becomes  acid,  viscous,  and  ropy,  and  the  casein,  in  combination 
with  the  chalk,  falls  to  the  bottom.  In  the  further  progress  of  the 
fermentation,  hydrogen  is  evolved  as  well  as  carbonic  acid,  the  casein 
is  converted  into  butyric  acid,  the  sugar  either  into  lactic  and  acetic 
acids,  or  into  mannite.     (Blondeau,  N,  J.  Pharm.  12,  840.) 

Also  when  the  decoction  of  yeast,  unmixed  with  cells  of  lactous 
ferment,  is  set  aside  with  sugar  and  chalk,  lactous  fermentation  sets 
in  after  contact  with  the  air  for  a  short  time,  generally,  however, 
accompanied  by  another  kind  of  fermentation  (Pasteur).    See3f«co«« 

Permentation. 

In  liq^uids  containing  sugar,  yeast-ash,  and  tartrate  of  ammonia 
(p.  269),  mfuBoria  and  cells  of  lactous  ferment  are  produced  in  contact 
with  the  air,  even  when  small  quantities  of  yeast  are  added.  After  a 
few  days,  the  infusoria  disappear,  while  the  lactous  ferment  increases, 
and  often  remains  as  the  only  active  ferment.  When  carbonate  of 
lime  is  added  to  sugar- water  containing  small  quantities  of  ammonia- 
salts  and  phosphates,  and  the  Hquid  is  exposed  to  the  air,  it  begins, 
after  24  hours,  to  show  turbidity  and  give  off  gas ;  the  fermentation 
which  ensues  in  the  following  days  causes  the  ammonia  to  disappear, 
the  carbonate  of  lime  and  uie  phosphates  to  dissolve,  and  proauces 
lactate  of  lime  and  lactous  ferment,  which  latter  is  usually  mixed  with 
infusoria  (Pasteur,  Cofnpt,  rend,  48,  837). 

The  fermentation  observed  by  J.  Gay-Lussac  &  Pelouze  {Ann, 
Chim,  Phys.  62,  411)  in  kept  beet- juice,  and  by  Pourcroy  &  Vauquelin 
in  kept  onion-juice,  appears  to  have  been  partly  lactous,  partly  mucous 
fermentation. 

Sugar  may  be  converted,  by  lactous  fermentation,  into  lactic  acid, 
without  yielding  other  products  of  decomposition  (Boutron). 

Sugar  in  the  state  of  lactous  fermentation  may  be  converted  into 
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lactic  acid,  without  yielding  other  products  (Boutron  &  Fremy).  The 
alcohol,  gum,  and  mannite,  which  are  sometimes  produced  in  lactous 
fermentation,  occur  only  when  yeast  or  mucous  ferment  is  mixed  with 
the  lactous  ferment.  (Pasteur.)  The  butyric  acid  is  a  product  of  the 
further  decomposition  of  the  lactic  acid  (x,  76).  —  Occasionally,  sugar 
yields,  under  the  influence  of  animal  membranes,  an  acid  different 
from  lactic  acid  and  forming  a  hme-salt  soluble  in  alcohol.  (Boutron 
&  Premy.  See  alio  Bcrthelot,  N.  Ann.  Chim,  Phya.  50, 359.)  —  Fremy  assumed 
that  the  sugar  was  transformed,  flrst  into  mannite,  then  into  lactic  acid. 

When  inverse  sugar,  formed  from  cane-sugar  by  the  action  of 
acids,  is  submitted  to  lactous  fermentation,  the  Irovo-rotatoiy  power 
of  the  liquid  is  increased  by  \  and  then  remains  constant  without 
further  fermentation  occurring.  This  increase  of  rotatory  power, 
compared  with  the  quantity  of  lactic  acid  that  is  formed,  proves 
that  only  the  dextro-glucose  has  been  converted  into  lactic  acid, 
while  the  Isevo-glucose  has  remained  unaltered  (Dubrunfaut,  N.  Ann, 
Chim.  Phys.  21,  175).  Dubrunfaut  himself  does  not  consider  his 
experiment  conclusive ;  according  to  other  statements,  including 
those  of  Pasteur  {GompU  rend.  51,  298),  the  whole  of  the  sugar  dis- 
appears in  the  lactous  fermentation. 

The  lactous  fermentation  of  sugar  may  be  replaced,  under 
apparently  similar  circumstances,  by  a.  conversion  of  the  sugar  into 
acetic  acid.  500  grms.  sugar  dissolved  in  a  litre  of  water,  and  set 
aside  for  a  mouthy  in  contact  with  300  grms.  cheese,  without  access  6i 
ait,  and  at  a  temperature  of  20°,  did  not  give  off  any  gas,  but  formed 
a  thick  crust  of  mould  and  a  large  quantity  of  acetic  acid.  This 
transformation  takes  place  imder  the  influence  of  Tormila  aceti. 
(Blondeau,  N.  J.  Pharm.  12,  836.) 

The  molasses  left  in  the  manufacture  of  beet-sugar,  if  rich  in  nitrates, 
sometimes  g^ves  off  nitrous  acid  during  vinous  fermentation,  accord- 
ing to  Pasteur  {BulL  Soc.  Chim.  Parish  11  Mar.  1859 ;  Kopp^s  Jahresber. 
1859,  553),  only  when  it  undergoes  vinous  and  lactous  fermentation  at 
the  same  time.  The  nitrates  are  here  reduced  by  the  hydrogen 
evolved  in  the  formation  of  lactic  (more  correctly,  of  butyric)  acid. 

Aqueous  sugar-solutions  set  aside  for  wiseks  or  months  at  40  "^  or 
a  lower  temperature  in  contiict  with  chalk  and  cheese  (glue  or  other 
nitrogenous  substances)  undergo  a  fermentation  different  from  the 
vinous,  and  not  depending  on  the  presence  of  yeast.  In  this  feimenta- 
tion,  both  the  nitrogenous  substance  and  the  sugar  are  destroyed,  car- 
bonic acid,  nitrogen  and  hydrogen  escape,  and  aJcohol,  lactate  of  hmo 
and  butyrate  of  lime  are  produced  (Berthelot,  N.  Ann,  Chim.  Phya. 
50,  851). 

Berthelot  likewise  designates  this  reaction  as  Fermmtatixm  alcooUque^ 
whereas  Pasteur  {N.  Ann.  Chim.  Phys.  58,  824)  regards  it  as  lactous 
fermentation.  — 10  gmls.  caue-sugar,  120  grms.  water,  10  grms. 
chalk,  and  2  grms.  cheese,  yielded  at  40°  in  six  weeks,  1*2  grm  alcohol, 
together  with  lactate  of  Ihne,  ferment,  and  3  grms.  of  unaltered  sugar. 
— 170  grms.  cane-sugar,  2  Utres  of  water,  200  grms.  chalk  and  200 
grms.  cheese,  at  a  temperature  near  0°,  yielded  in  five  weeks,  10 
grms.  alcohol,  together  with  lactate  of  lime  and  a  small  quantity  of 
butyrate.  In  this  reaction,  neither  mannite  nor  fat  was  formed. 
Yeast  was  not  produced,  if  ihe  process  was  conducted  out  of  contact 
with  air,  or  in  an  atmosphere  of  carbonic  acid ;  nevertheless  alcohol 
was  obtailied  even  under  these  drcumstanoes.   Compare  the  correspond- 
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ing  experiments  of  Berthelot,  under  Glucose,  Mannitc,  Dulcife,  SorhUe~9nd  MUk^ 
sugar, 

C.  Mucous  Fomentation,  —  This  is  another  kind  of  fermentation 
which  cane-sugar  undergoes,  likewise  under  the  influence  of  nitrogenous 
substances  and  in  contact  with  air,  but  under  circumstances  otherwise  \ 

not  exactly  known, — giving  rise  to  the  escape  of  carbonic  acid  and 
h3'drogen,  and  the  formation  of  mannite,  a  peculiar  gum  and  a 
nvucilaginous  substance. 

The  mucous  fermentation  of  sugar  takes  place  (like  vinous  and 
lactous  fermentation)  under  the  influence  of  a  peculiar  mucous  ferment. 
This  ferment  is  composed  of  spherules  from  0*0012  to  0'0014  mm. 
diameter,  and  when  introduced  into  sugar-solutions  containing  albumin 
causes  the  sugar  to  be  resolved  into  mannite,  gum,  and  carbonic  acid, 
100  pts.  cane-sugar  jrield,  on  the  average,  51*09  pts.  mannite  and  45*5 
pts,  gum,  corresponding  to  the  equation  : 

25Ci2Hno"  +  13H0  «  12C"H»Wo  +  12C«H»0"  +  12C02. 

When  a  larger  proportion  of  gum  is  obtained,  the  liquid  is  observed 
to  contain  larger  spherules,  probably  belonging  to  a  peculiar  mucous 
ferment  (Pasteur,  Bull,  Soc,  Chim,  Paris.  1861, 30). 

Mucous  fermentation  requires  access  of  air  and  likewise  the 
presence  of  nitrogenous  matter ;  but  the  latter  is  capable  of  exciting 
mucous  fermentation  even  after  boiling.  In  this  reaction,  neither 
acid  nor  alcohol  is  produced.  (Hochstetter.)  Mucous  fermentation  is 
prevented  by  sulphuric  acid,  hydrochloric  acid,  or  alum  (Desfosses),  by 
free  mineral  acids  (Hochstetter,  J.  pr,  Chem,  29,  30). 

Syrup  of  cane-sugar  which  had  been  poured  at  the  boiling  heat 
into  bottles  in  Martinique,  the  bottles  being  filled  with  it,  underwent 
mucous  fermentation  on  being  transported  to  France  and  poured  out 
into  open  vessels.  (Peligot.)  —  Fresh  beet-juice  becomes  gummy  by 
contact  with  air,  and  then  contains  mannite,  gum,  lactic  acid,  and  un- 
crystallisable  sugar.  These  changes  take  place  with  greater  facility 
when  fermenting  beet- juice  is  added  to  the  fresh  juice,  even  when  the 
greater  part  of  the  nitrogenous  matter  has  been  removed  by  lime,  and 
whether  the  quantity  of  free  alkali  present  is  great  or  small.  Alcoholic 
fermentation  sometimes  sets  in,  if  the  acid  is  neutraUsed  (Ilochstetter). 
—  When  carrot- juice  is  left  to  itself  between  30°  and  40°,  the  cane- 
sugar  which  it  con  tarns  is  converted  into  glucose,  mannite,  lactic  add, 
and  a  gum  isomeric  with  gum-arabic  (Tilloy  &  Maclagan). 

The  expressed  juice  of  mangold- wurzel  begins  to  ferment  in  3i  days, 
and  the  fermentation  is  complete  in  2^  days.  From  the  solution, 
clarified  and  evaporated  to  a  syrup,  alcohol  of  80  p.  c.  precipitates  a 
glutinous  mucus,  and  the  filtrate  yields  crystals  of  mannite.  If  the 
mucus  be  washed  with  alcohol,  its  aqueous  solution  precipitated  with 
basic  acetate  of  lead,  the  washed  precipitate  decomposed  under  water 
by  hydrosulphuric  add,  and  the  filtrate  evaporated  to  dryness,  a 
transparent,  slightly  coloured  gum  is  obtained,  containing  40*89  p.  c. 
carbon,  6*10  hydrogen  and  63*01  oxygen  (Barcher,  Anji.  Fharm.  31, 
837). 

The  juice  of  the  sugar-cane  contains  a  white  non-azotised  (?)  sub- 
stance,  which  becomes  brown  and  moist  in  contact  with  the  air,  is  soft 
and  difficult  to  dry,  soluble  in  water,  insoluble  in  alcohol  and  ether,  and 
is  precipitated  from  its  aqueous  solution  by  oxide  of  lead,  mercmrous 
salts,  and  alcohol.    It  converts  sugar  into  a  substance  intermediate 
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between  starch  and  glutin,  this  substance  being  formed  quickly  and 
somewhat  abundantly  in  syrups,  and  rendering  them  viscid,  ductile, 
and  uncrystallisable.  If,  therefore,  the  juice,  after  being  treated  with 
lime,  is  left  to  stand  for  48  hours,  a  jelly  is  produced,  from  which  alcohol 
throws  down  a  soft,  white,  nacreous  precipitate,  which  dries  up  to  a 
nacreous  mass,  dissolves  but  sparingly  in  hot  or  cold  water,  even  when 
moist,  but  swells  up  in  it  to  a  transparent  mass,  and  when  treated  with 
nitric  acid,  yields  nothing  but  oxalic  acid.  This  mass  is  not  coloured 
by  iodine,  or  converted  into  sugar  by  dilute  acids,  and  does  not  give 
off  ammonia  on  dry  (Mstillation.  It  is  found  abundantly  at  the  bottom 
of  the  vats  in  which  molasses  is  left  to  ferment  for  the  preparation  of 
rum.     (Plagne,  J.  Phmtn,  26,  248.) 

Lemonade  containing  sugar,  volatile  oil,  citric  acid,  and  condensed 
carbonic  acid,  loses  its  fluidity  and  becomes  gummy  by  lonff  keeping, 
especially  in  wmter.  If  the  gummy  liquid  be  precipitated  by  alcohol,  and 
the  precipitate,  which  is  friable  when  dry,  be  washed  with  alcohol,  there 
remains,  after  drying  at  100°,  a  viscid,  semi-transparent,  homy  mass, 
while  the  alcohol  takes  up  a  brown,  uncrystallisable  sugar.  This  mass 
recovers  its  former  appearance,  when  cold  water  is  poured  upon  it,  and 
forms  with  boiling  water,  a  gum  which  is  difficult  to  filter,  is  not  coloured 
by  iodine,  does  not  reduce  potassio-cupric  tartrate  or  precipitate  basic 
acetate  of  lead,  and  yields  oxalic  acid  with  nitric  acid.  This  gum  con- 
tains 1-37  p.  c.  ash,  and  after  deduction  of  this  ash,  it  contains,  on  the 
average,  43-56  p.  c.  C,  6*47  H.,  and  49-97  0.,  the  lead-compound  con- 
tains55-80  p.  c.  PbO.,  19-31 C,  2-70 H.,  and 22-100.  (TiUoy &  Maclagan.) 

When  yeast  is  well  washed  with  cold  water,  then  boiled  with  water, 
and  ,V  Pt-  sugar  dissolved  in  the  filtrate,  the  liquid,  after  a  few  days, 
becomes  turbid  and  tenacious,  like  decoction  of  linseed.  At  the  same 
time,  a  mixture  of  carbonic  acid  and  carbonic  oxide  in  varying  propor- 
tions is  evolved.  This  fermentation  lasts  about  12  days,  for  a  shorter 
time  between  20°  and  25°  ;  it  takes  place  also  out  of  contact  with  air, 
and  is  excited  even  by  yeast  which  has  been  boiled  out  with  water. 
(Desfosses,  J.  Pharm.  15,  602  ;  N.  Tra.  21, 1, 159  ;  Schw.  58,  98.)  Under 
similar  circumstances,  lactous  fermentation  may  likewise  take  place 
(comp.  p.  277,  278). — On  Mucous  Fermentation,  see  also  Vaoquelin  {Ann.  Chim. 
Phys.  20,  93). 

AVater  boiled  with  glutin  produces  in  cane-sugar  solution  the  same 
change  as  decoction  of  yeast.  In  contact  with  sugar-solution  for 
24  hours  at  25°,  it  gives  off  a  smaller  quantity  of  gas  than  the'decoction 
of  yeast,  and  renders  the  hquid  gummy.  The  gaseous  mixture  con- 
tains hydrogen  in  larger  proportion  to  the  carbonic  acid  than  that  which 
is  evolved  by  decoction  of  yeast.  After  the  completion  of  the  mucous 
fermentation,  the  liquid  is  still  very  sweet,  but  so  thick  that  it  runs 
out  in  threads  when  the  vessel  is  inverted;  when  evaporated,  it  leaves 
a  non-crystallisable  residue,  and  on  treating  this  with  alcohol,  a 
sacchariferous  gum  remains  imdissolved.  If  the  remainder  of  the 
sugar  be  extracted  from  the  gum  by  fermentation  with  yeast,  there 
are  obtained,  for  every  100  pts.  of  sugar  decomposed  by  the  mucous 
fermentation,  109-48  pts.  of  a  pale  yellow  insipid  gum,  which  yields 
scarcely  any  mucic  acid  when  treated  with  nitric  acid,  is  less  soluble 
in  water  than  gum-arabic,  and  yields  a  thicker  mucilage  than  the 

latter.    (Desfosses.)  /  .  j   ^n  xi. 

In  the  preparation  of  lactic  acid  by  Bensch's  process  (xi.  475),  there 
is  obtained,  together  with  mannite,  a  considerable  quantity  of  a  gum, 
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which,  when  the  fermentation  is  complete,  and  the  lactate  of  lime  has 
been  removed,  may  be  obtained  in  a  state  of  purity  from  the  mother- 
liquor.  This  liquid  is  precipitated  with  sulphuric  acid ;  the  gypsum  is 
removed ;  the  filtrate  is  mixed  with  alcohol ;  and  the  precipitate  is 
purified  by  repeated  solutioil  in  water  containing  hydrochloric  acid, 
and  precipitation  with  alcohol.  —  It  contains  4:3'61  p.  c.  carbon,  6*25 
hydrogen,  and  50'14  oxygen,  tutns  the  plane  of  polarisation  to  tho 
right,  reacts  like  arable  acid  (p.  204)  with  cupric  Sulphate  in  alkaline 
solution,  but  does  not  yield  mucio  acid  with  nitric  acid.  (Brlining 
Ann.  Fhami.  104.  197.) 

Combinations. —  With  Water. — Cane  sugar  dissolves  in  -J  of  its  weight 
of  water  at  mean  temperatures,  and  in  aU  proportions  in  boiling  water. 
From  a  solution  containing  5  pts.  sugar  to  1  pt.  water,  |  of  the  sugar 
crystallises  on  booling.  (Henry,  J.  rhann.  27,  8.)  When  20  grms.  of 
cane-sugar  are  dissolved  in  100  cub.  centims.  of  water,  the  temperature 
falls  half  a  degree.  ^Dubrunfaut,  Compt.  rend.  23,  42.)  When  0*56 
kUog.  cane-sugar  is  dissolved  in  1-1  litre  of  water  at  16*62°,  the  tem- 
perature falls  to  16'5°.  (Pohl,  J.  pr.  Cheni.  82,  154.)  A  concentrated 
solution,  or  syrup,  of  sugar  is  viscid,  glutinous  and  ropy.  On  the  expan- 
sion of  BUf^ar- solutions  when  heated,  see  Gerlach  {Kopp's  Jahretber.  1859,  48  j.  —  The 
specific  gravity  of  cane-sugar  solutions  o£  definite  percentage  has  been  determined  by 
Brandes  it  Reich  (Br.  Arch,  22,  70);  Niemann  {Ann.  Pharm.  2,  341),  Payen 
(Dumas*  Traits  de  Chimie  appliqu6e,  6,  256;  Gerhardt*»  Traiti,  2,  516);  Brtx 
\Dingl.  136,  214);  Bamng(GdArun^«cAemt>,  Prag  1845«  1,  117,  and  Svppl.  81),  and 
Steinheil  {Gehaltsprobe  Jilr  Biere^  Miinchen,  1847).  The  most  important  of  theste 
tables,  calculated  by  PolU,  ore  given  in  Wien.  AJtad.  Bwt  11, 632  and /fandwdr/erMccA 
der  Chemie  7>  4. 

Percentage  of  Cane-sugar  in  Aqueous  Solutions  of  different  densities* 
(Extracted  from  the  Tables  of  Balling  and  Brix). 


Cane-sugar 

Sp.gr. 

Cane-sugar 

Sp.  gr. 

per  cent. 

at  17-5'. 

per  cent. 

at  17-5*. 

1 

1-0040 

50 

1-2165 

5 

1-0200 

55 

1-2610 

10 

1K)404 

60 

1-2900 

15 

1-0614 

65 

1-3190 

20 

1-0832 

70 

1-3507 

25 

1-1059 

75 

1-3824 

80 

1-1295 

80 

1-4159 

35 

1-1540 

85 

1-4499 

40 

1-1794 

90 

1-4849 

45 

1-2057 

95 

1-5209 

99 

1-5504 

When  a  solution  of  cane-sugar  saturated  at  common  temperatures 
is  mixed  with  an  equal  volume  of  oil  of  vitriol,  a  stormy  reaction  sets 
in,  heat  is  evolved,  and  the  liquid  froths  up,  giving  off  choking  vapours 
of  formic  acid.  Left  to  itself,  it  soon  solidifies  to  a  black  humus-like 
mass,  which,  when  mixed  with  10  or  20  times  its  volume  of  water,  gives 
a  very  strongly  fluorescent  Uquid  ;  the  fluorescence  is  not  destroyed 
by  boiling,  but  immediately  by  neutraUsation  with  bases.  The  solution 
contains  an  acid  whose  baryta-salt  dries  to  a  resinous  mass  (Simler, 
Chem.  Centr.  1862,  378). 
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With  Bases.  —  Sucrate  of  Ammonia,  —  20  parts  of  pulverised  sugar 
gradually  absorb  1  pt.  of  ammonia-gas  and  form  a  dense  tenacious 
mass,  which  smells  of  ammonia  and  gives  it  off  on  exposure  to  the  aii\ 
(Berzelius.) 

Sucrate  of  Potash,  —  An  alcoholic  solution  of  cane-sugar  is  precipi- 
tated with  strong  potash-ley ;  the  semifluid  precipitate  is  triturated 
with  fresh  alcohol,  which  renders  it  cx)mpact,  and  dried  in  vacuo,  or  in 
air  free  from  carbonic  acid.  (Soubeiran.)  White,  friable  translucent 
mass,  shining  on  the  fractui-ed  surface,  melting  at  100*"  to  a  viscid 
liquid,  and  having  an  alkaline,  not  sweet  taste.  (Brendecke.)  According 
to  Brendecke,  it  coptains  12*6  p.  c.  potash,  and  consists  of  C**H*°0*',KO 

(C2*HaO*»,KO  =  12-41  p.c.  KO).  Soubeiran  gives  the  same  formula;  Dubrunfaut 
(Cowp/.  renrf.  32,  49a)  gives  (?«Ha022,K0.  It  turns  brown  when  heated 
to  110°,  and  swells  up  strongly  when  heated.  It  is  completely  decom- 
posed by  a  stream  of  carbonic  acid,  partially  by  air  containing  carbonic 
acid.  —  When  its  aqueous  solution  is  exposed  to  the  electric  current, 
it  gives  off  hydrogen  at  the  negative  pole,  while  an  aqueous  solution  of 
carbonate  of  potash  is  formed  at  the  positive  pole.  (Becquerel,  Ann, 
Chhn,  Phys,  47,  5.)  —  It  is  not  decomposed  by  aqueous  boracic  acid  at 
mean  temperatures.  (Michaelis.)  It  is  insoluble  in  pure  alcohol,  but 
dissolves  in  alcohol  containing  sugar.  (Brendecke.)  —  A  solution 
of  cane-sugar  loses  13  per  cent,  of  its  rotatory  power  on  addition  of 
1  at.  potash,  but  no  more  when  a  larger  quantity  of  potash  is  added ; 
hence  there  is  probably  but  one  definite  compound  of  cane-sugar  and 
potash.   (Dubrunfaut,  see  also  Michaelis,  J*pr,  Chem,  56,  411.) 

Sucrate  of  Soda,  —  Obtained  like  the  potash-compound,  and  ex- 
hibits similar  reactions.  (Brendecke,  Becquerel,  Dubrunfaut.)  Con- 
tains 7*38  p.  c.  soda  (Soubeiran),  8*2  p.  c.  (Brendecke).  According 
to  Soubeiran,  it  is  C*H«»0*>,NaO.    (C*<H»(F,NaO  =  8-52  p.  c.  NaO.) 

Compound  of  Cane-sugar  with  Chhinde  of  Sodiutn,— On  mixing  the 
solutioDS  of  1  pt.  common  salt  and  4  pts.  sugar,  and  leaving  the  liquid 
to  evaporate,  cane-sugar  crystallises  out  first,  and  the  mother-liquors, 
on  further  evaporation,  yield  this  compound. —  Small,  sharp-edged 
crystals  having  a  sweet  and  saline  taste,  dehquescing  in  the  air. 
(Peligot,  Ann.  Chim,  Phys.  67,  113.)  In  combination  with  common 
salt,  cane-sugar  retains  its  rotatory  power  imaltered.  (Biot,  Compt. 
rend.  15,  635.) 

Belongs  to  the  doubly  oblique  prismatic  system,  perhaps  diclino- 
hedral.  The  colourless  crystals  with  rough,  imperfectly  reflecting 
faces  are  formed  {fig.  125,  without  y  and  g)  from  the  two  perpen- 
dicular dodecaidal  faces  t;  and  u  whose  edges  are  truncated  by  the 
hexsadal  faces  (back  and  front),  and  x  (right  and  left).  The  8- sided 
prism  thus  formed  is  terminated  above  by  a  dihedral  summit  formed 
by  the  right  dodecaidal  face  h  and  the  left  h.  x  :  z  =:  103°3r  calc,  = 
103^*  41'  obs. ;  u:x=:  136°  15'  calc,  =  136°  17'  obs. ;  u  :  z  =  147°  16' 
calc,  =  147°  35'  obs.;  vix-  116°  14';  vi  z  =  140°  15';  k:x  = 
129°  4'  obs. ;  kih  above  =  101°  52'  calc,  =  102°  26'  obs. ;  k:z=z9S°2' 
calc,  =  97°  55'  obs. ;  k  :  u  =z  137°  26'  calc,  =  137°  7'  obs.;  k  :  v 
behind  =  73°  2'  calc  ;  A  :  ^  =  81°  58'  obs. ;  h  :  u  =  62°  84';  h  :  a 
=  106°  35'  calc    (Weiss,  Wien.  Akad.  Ber.  37,  376.) 
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24  C  
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21  H  

21 

fx'^ 

5-7 

21  O  
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±%»\ 

42-8 

NaCl 

58-5 

•  •••               X4      V              •••■ 

14-7 

C"H2iOa.NaCI     3915     ....  lOO'O    1000 

So,  according  to  Peligot  Graham  splits  the  formula  ioto  C^m^O"  4- C»IIi<»Oio, 
NaCl.  According  to  Gerhardt  (7Vat7^  2,  534),  it  is  C»H»0»NaCl;  according  to 
Blondeau  de  CaroUes,  (?ni»0»,NaCl,3H0. 

Cane-sugar  with  Borax, — Aqueous  borax  dissolves  more  cane-sugar 
than  pure  water.  When  a  solution  of  cane-sugar  saturated  with  borax 
is  evaporated,  boriEix  crystaUises  out ;  and  weak  alcohol  added  to 
the  mother-liquor,  throws  down  a  glutinous  liquid,  which,  after  repeated 
solution  in  a  small  quantity  of  water  and  preciptation  with  alcohol, 
contains  3  at.  cane-sugar  to  1  at.  borax.  The  same  compound, 
NaO,  2B0*,  5HO+8C"H"0":  is  obtained  by  dissolvmg  the  constituents 
in  water  and  evaporating.  (Sturenberg,  JT.  Br.  Arch,  18,  27.) 

Sucrate  of  Baryta, —  Mono-acid.  —  Obtained  by  the  action  of  hydrate 
of  baryta  or  monosulphide  of  barium  on  solution  of  cane-sugar,  in  the 
latter  case  with  formation  of  sulphydrate  of  barium— or  by  the  action 
of  sulphide  of  barium  on  sucrate  of  soda,  with  formation  of  sulphydrate 
of  sodium  (Dubrunf aut,  Compt,  rend,  32,  498).  —  Baryta- water  is 
heated  to  boiling  with  cane-sugar,  the  solution  left  to  crystallise,  and 
the  crystals  dried  out  of  contact  with  the  air  (Brendecke,  Peligot). 
The  solution  of  1  pt.  baiyta  in  3  pts.  water  solidifies,  when  mixed  witn 
a  50  per  cent,  solution  of  cane-sugar,  to  a  crystalline  pulp,  which  does 
not  redissolve  when  heated  (Peligot).  —  Small  nacreous  crystals 
(Brendecke),  resembling  boracic  acid,  of  caustic  taste  and  alkaline  re- 
action (PeUgot).  —  The  rotatory  power  of  cane-sugar  is  not  altered  by 
baryta-water  (Dubrunfaut). 

The  compound,  after  drying  in  vacuo,  does  not  give  off  any  water 
at  200°.  (Peligot.)  It  is  decomposed  by  carbonic  acid,  with  separa- 
tion of  anhydrous  carbonate  of  baryta  (Pelouze.  Ann,  Chim,  Phys.  48, 
307).  — It  dissolves  in  47*6  pts.  of  water  at  15°  ;  in  43*5  pts.  water  at 
100°  (Peligot,  N,  Ann.  Chim.  Phys.  54,  379).  Insoluble  in  wood- 
spirit  and  in  alcohol. 
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So,  acoordinj;  to  Peligot,  Pelouie,  and  Stftibdnin.  Ck>mpare  Stein  (.^nn.  Pharm. 
30,  82 ;  Peligot  N.  J.  Pharm.  2,  103). 

Biacidf  —  From  the  solution  of  cane-sugar  in  saturated  baiyta- 
water,  alcohol  throws  down  a  precipitate  containiftg  18'5  p.  c.  baryta. 
(Brendecke.)  This  precipitate  contains  cane-sugar  in  a  state  of 
mixture  (Soubeiran). 

Sucrate  of  Strontia.  —  The  solution  of  equal  quantities  of  sugar  and 
strontia  is  pale  yellow,  has  a  caustic  taste,  and  on  cooling  yields 
crystals  which  effloresce  in  the  air  from  absorption  of  carbonic  acid 
(Biimsoy,  Schto.  35,  488).     Cane-sugar  in  combination  with  strontia 
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retains  its  rotatory  power  unaltered  (Dubrunfaut).  —  Carbonic  acid 
separates  from  the  solution  anhydrous  carbonate  of  strontia  (Pelouze). 

Sucrate  of  Lime, — Lime  dissolves  in  sugar- water  (with  evolution 
of  heat,  according  to  Peligot)  in  much  larger  quantity  than  in  pure 
water  (Lowitz).  The  quantity  of  lime  which  an  aqueous  sugar- 
solution  is  capable  of  taking  up  depends  upon  its  density  (Peligot, 
.Berthelot)  and  temperature  (fiubrunfaut). 

100  pts.  cane-sugar  dissolved  in  water  dissolve  55*6  pts.  lime 
(Osann),  50  (Ure),  49*6  (Daniell),  29  to  30-6  (Hunton),  23  pts.  forming 
l^sucrate  of  lime  (Soubeiran).  The  sugar-solution  at  100°  takes  up 
\  at.  lime  to  1  at.  sugar ;  at  0"",  if  it  contains  not  less  than  25  p.  c. 
sugar,  it  takes  up  2  at.  lime  to  1  at.  sugar.  (Dubrunfaut.)  Oa  the 
solubility  of  lime  in  sugar-solutions,  Peligot  formerly  founded  a  mode  of  estimation  of 
sugar  (Compt.  rend.  22,  936). 

When  a  solution  of  sugar  is  agitated  with  excess  of  lime,  complete 
saturation  takes  place  but  slowly,  after  repeated  agitation,  and  only 
when  the  quantity  of  lime  present  is  at  least  twice  as  great  as  that 
which  the  solution  can  take  up.  Solutions  containing  more  than  30 
p.  c.  sugar  become  gummy  and  then  solidify ;  those  which  exhibit  a 
density  of  35°  Bm.  immediately  form  a  sparingly  soluble  compound, 
not  separable  from  the  excess  of  lime.  With  somewhat  more  dilute 
solutions,  monosucrate  of  lime  is  always  formed,  but  this  compound  is 
capable  of  taking  up  an  additional  quantity  of  lime  greater  in  propor- 
tion to  the  concentration  of  the  solution.  Sugar-solutions  of  40  per 
cent,  take  up  26*57  pts.  lime  to  100  pts.  sugar;  solutions  of  20  per 
cent.'  only  23*15  pts.  and  solutions  of  5  per  cent,  only  18*06  pts., 
therefore  more  than  1*5  at.  lime  (exactly  1*62  at.)  to  1  at.  sugar,  the 
monobasic  sucrate  of  lime  formed  in  the  first  instance  being  partially 
converted  into  bibasic  sucrate.  (PeUgot.)  Soubeiran  supposes 
the  solutions  to  contain  -f-sucrate,  Berthelot  -f-sucrate  of  lime 
(3C^H»0",4CaO). 

More  dilute  sugar-solutions  containing  not  more  than  2*4  p.  c. 
sugar,  dissolve  less  lime ;  moreover  they  dissolve  a  constant  quantity 
wfich  (after  deducting  the  hme  whicn  the  water  itself  dissolves) 
amounts  to  12*6  pts.  lime  for  100  pts.  sugar,  corresponding  apparently 
to  the  formulae  3C^»H"0",4CaO,  requiring  10*91  p.  c.  hme.   (Berthelot.) 

See  Peligot's  Table  of  the  solubility  of  lime  in  sugar-water  {Compt.  rend.  32,  335 ;  iV. 
Ann.  Chim,  Phys.  54,  388) ;  Berthelot's  Table  (JV.  Ann.  Chim.  Phye.  46,  176). 

The  aqueous  solution  of  sucrate  of  lime  tastes  bitter  and  alkaline 
but  scarcely  sweet.  Its  rotatory  power  is  less  than  that  of  the  sugar 
contained  in  it  by  13  p.  c.  if  1  at.  lime,  by  26  p.  c.  if  2  at  lime  have 
been  added  to  1  at.  sugar  (Dubrunfaut).  On  neutrahsing  the  solution 
with  an  acid,  it  recovers  its  rotatory  power,  even  if  it  has  previously 
been  heated  to  117*5°,  but  not  if  it  has  been  heated  to  119°.  The 
presence  of  ferric  oxide  in  the  solution  has  no  influence  on  these 
results.  (Michaelis,  J.  pr.  Chenu  56,  422).  —  The  solution  solidifies 
to  a  thick  paste  when  heated,  a  large  quantity  of  hme  separating 
in  combination  with  a  small  quantity  of  sugar  (terbasic  sucrate 
according  to  Peligot),  and  becomes  clear  again  on  cooling  (Osann, 
Oilb.  69,  292 ;  Kastn.  Arch.  3,  204).  Part  of  the  Umo  then  remains 
dissolved,  together  with  the  greater  part  of  the  sugar  (Osann),  but  the 
quantity  of  the  latter  retained  in  solution  depends  on  the  pro- 
jxjrtion  of  lime  and  sugar  originally  present,  amounting  to  |  of  the 
original  quantity,  if  the  heated  solution  contained  the  monosucrate,  and 
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to  half  the  original  quantity  if  it  contained  the  sesquibasic  sncrate. 
(Peligot.)  Dilute  solutions  of  sucrat<3  of  hme  become  turbid  at  80**, 
concentrated  solutions  at  100°  ;  in  highly  concentrated  solutions  no 
precipitate  is  formed  (Dubrunf aut).  —  When  solutions  containing  ^  at. 
Hme  to  2  at.  sugar  are  boiled  continuously,  no  decomposition  of  the 
sugar  takes  place,  not  even  such  as  would  result  from  the  boiling  of 
its  aqueous  solution.  (Dubrunf aut.)  —  When  a  cold-prepared  solution 
of  sncrate  of  lime  has  been  decomposed  by  carbonic  acid,  no  altered, 
sugar  can  be  detected  in  it  by  solution  of  copper ;  even  if  it  has  been 
boiled  over  the  open  fire  for  two  hours,  or  till  the  boiling  point  has 
risen  to  120°  and  the  mass  thickens  and  begins  to  char,  the  unbumt 
portion  when  treated  with  carbonic  acid,  still  yields  unaltered  sugar. 
(Hochstetter  J,  pr.  Chem.  29,  26.)  The  decomposition  of  sugar-solu- 
tions by  boiling  is  retarded  by  the  addition  of  chalk  or  of  a  small 
quantity  of  sucrate  of  lime,  and  does  not  take  place  at  all  in  the  boiling 
of  saturated  solutions  of  sucrate  of  lime.  If  however  inverse  sugar 
has  been  previously  formed,  this  sugar  is  quickly  decomposed  by 
boiling  (Soubeiran).  —  When  solutions  of  sucrate  of  lime  are  evapo- 
rated there  remains  a  colourless  or  pale  yellow,  translucent,  viscid 
mass,  which  becomes  friable  when  quite  dry. 

The  solution  of  sucrate  of  Hme,  which  remains  unaltered  if  kept 
from  contact  with  the  air  (p  261),  deposits  crystals  of  penta-hydrated 
carbonate  of  lime  when  exposed  to  the  action  of  carbonic  acid  (or  to 
the  electric  current,  according  to  Becquerel,  Ann.  Chim.  Phys.  47,  I), 
without  (in  the  first  case)  any  alteration  of  the  sugar.  (Pelouze, 
Brendecke.)  Solutions  of  sucrate  of  Hme  become  turbid  on  exposure 
to  the  air,  only  when  they  are  dilute.  (Kuhlmann,  Dubrunfaut.) 
From  the  alcohoHc  solution,  air  containing  carbonic  acid  throws  down 
anhydrous  carbonate  of  lime.  (Brendecke.)  —  When  carbonic  acid  is 
passed  into  a  solution  of  monosucrate  of  lime,  the  Hquid  does  not  become 
turbid  tiU  the  first  third  of  the  lime  has  been  converted  into  carbonate ; 
if  the  stream  of  carbonic  acid  be  still  kept  up,  the  liquid  soHdifies  to  a 
jelly,  the  second  third  of  the  lime  being  then  converted  into  carbonate, 
while  the  last  third  remains  in  solution  as  sucrate  pf  lime,  together 
with  traces  of  carbonate.  (Dubrunfaut.)  According  to  Brendecke,  the 
whole  of  the  lime  may  be  precipitated  as  carbonate.  Iiowitz  {CrelL  Ann.  1792, 
1,346).  DanieU  {Ann.  Chim.  Phys.  10,  221  >.  Ramsey  {Schw.  35,  48B.  —  £i&/. 
unin.  July.  1808).  Franz  Meyer  {Repert.  7.  256).  Brendecke  (N.  Br.  Arch.  29, 
/f)).  Soubeiran  (AT.  /.  Pharm.  1,  469  ;  /. pr.  Chem.  26,  498  ;  Ann.  Pharm.  43,  223). 
Dubrunfaut  (Compt  rend.  32,  498).  Peligot  (Ann.  Chim.  Phyt.  67,  113;  Berz. 
Jahresber.  19,  447),  &c. 

a.  Tcrhasic  Sucrate  of  Lime.  —  Separates  on  heating  the  aqueous 
solution  of  monosucrate  of  Hme,  or  on  heating  a  sugar-solution  agitated 
with  excess  of  hydrate  of  lime  and  filtered,  as  an  opaque  mass  resem- 
bling coagulated  white  of  Qg^^  and  is  obtained  by  filtering  the  solution 
at  the  bolHng  heat,  washing  with  hot  water  and  drying  at  110°  in  ajr 
free  froih  carbonic  acid.  —  It  dissolves  in  more  than  100  pts.  of  cold 
water,  the  solution  when  heated  depositing  half  the  quantity  dissolved. 
It  dissolves  readily  in  sugar-water.  (PeHgot,  N.  Ann.  Cliim,  Phys. 
54,  379.) 

Daniel].  Peligot. 

CWH"0» 171     ....    6706 

3CaO 84     ....     32-94     33'52     32-90 

Ci=H"0",3CaO  255     ....  100*00 
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b.  Bibasic,  —  Syrup  of  cane-su^ar  is  digested  -with  excess  of 
hydrate  of  lime,  the  filtrate  is  precipitated  with  alcohol,  and  the  pre- 
cipitate is  washed  with  alcohol  and  dried  at  100^.  (Hun ton,  PhiL  Mag. 
[3],  11,  152;  J.  pr.  Chem.  11,  409;  Berz.  Jahresber.  18,  321.) 

Hunton. 

C»H"0"   171     ....    69-r9 

2CaO 56    ....    22-86     ....  22-65 

2H0  18    ....      7-35 

Ci2H"0",2(CaO,HO)  245     ....  100-00 

c.  Sesqutbastc.  ?  —  This  coippound  is  always  formed  when  a  solution 
of  sugar  is  boiled  or  set  aside  at  common  temperatures,  with  excess  of 
lime,  and  is  obtained  as  a  white  amorphous  gum  by  evaporating  the 
filtrate  out  of  contact  with  carbonic  acid.  (Soubeiran.)  Brendecke 
moistens  a  mixture  of  equal  parts  of  quicklime  and  cane-sugar  with 
^  pt.  water,  dissolves  the  resinous  mass,  which  forms  with  rise  of 
temperature,  in  cold  water,  and  precipitates  with  alcohol,  which  throws 
down  curdy  flocks,  or  from  concentrated  solutions,  tenacious  clots. 
These  are  washed  with  alcohol  and  dried  over  oil  of  vitriol.  Sou- 
beiran uses  2  pts.  of  quicklime  to  13  pts.  of  sugar. 

Transparent,  brittle  resin,  or  granular,  white,  friable  mass.  Has  a 
calcareous  taste  (Brendecke),  nauseous  (Soubeiran),  and  an  alkaline 
reaction.  —  When  very  dry,  it  deflagrates  quickly  like"  gunpowder,  on 
being  heated.  (Brendecke.)  —  It  dissolves  readily  in  cold  water,  sepa- 
rating out  when  heated  (doubtless  as  terbasic  sucrate).  It  is  insolu- 
ble in  strong  and  in  weak  alcohol  (Brendecke),  but  dissolves  in  an 
alcoholic  solution  of  sugar.    (Soubeiran.) 

SoubeiraD.    Brendecke. 
al  IOC.  mean. 

24  C 144  ....  83-80     .S8-47 

22  H    22  ....  5-16     516 

22  0    176  ....  41-32     41-27 

3CaO   84  ....  1972     2010     ....     18-5; 

2C»H"0",3CaO     ....  426     ....  100-00     100-00 

So,  according  to  Soubeiran ;  according  to  Peligoti  it  is  a  mixture  of  bi-  and  mono- 
basic sucrates  of  lime. 

d.  Monobasic.  —  1.  Solution  of  sugar  is  agitated  with  excess  of 
hydrate  of  lime,  filtered,  and  the  filtrate  is  mixed  with  an  additional 
quantity  of  sugar  and  precipitated  with  alcohol.  —  2.  A  concentrated 
solution  of  sugar  is  added  by  small  portions  to  milk  of  lime  till  the 
whole  of  the  lime  is  dissolved,  and  the  solution  is  precipitated  with 
alcohol  of  85  per  cent.  (Brendecke.)  Soubeiran  uses  in  this  case  also 
2  pts.  quicklimQ  to  13  pts.  sugar.  —  White  precipitate,  becoming  a 
brittle  resin  when  dry.  deflagrates  after  drying,  like  tinder,  (Bren- 
decke.)—  Dissolves  easily,  even  after  drying,  m  cold  water  (Bren- 
decke), and  the  solution  when  heated  deposits  terbasic  sucrate  of  lime, 
— two-thirds  of  the  sugar  then  remaining  in  solution,— and  becomes 
quite  clear  again  on  cooUng : 

3(C«H"O",Ca0)  =  CMH"0»,3CaO  +  2C»2hiio"  (Peligot). 

The  precipitate  disappears  on  adding  cane-sugar,  glucose,  milk-sugar,  or 
mannite  to  the  hot  liquid.  (Brendecke.)  Aqueous  monobasic  sucrate  of 
lime  is  capable  of  taking  up  a  larger  quantity  of  lime,  being  thereby 
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converted  into  feesquibasic  sucrate  (Soubeiran),  partially  into  bibasic 
Bucrate.    (Peligot.)    vid.  sup. 

Soubeiran.       Peligot.        Brendecke. 
metm, 

12  C 72  ....  36-18  36-38 

11  H 11  ....  5-52  5-48 

11  O : 88  ....  44*22  43-74 

CaO 28  ....  14-08  14-40     ....     14-00     14-3 

C^H»0»,CaO      ^  199     ....  100*00    100-00 

The  presence  of  sugar  promotes  the  absorption  of  sulphuretted  hydrogen  by  milk  of 
lime  and  the  formation  of  nUphydrate  qf  calcium  (Dubrunfaut). 

Sucrate  of  lime  dissolves  carbonate  of  lime  (Barreswil,  Compt  rend. 
32,  469 ;  J.  pr.  Chem.  53,  62  ;  Dubrunfaut),  only  in  traces.  (Hoch- 
stetter,  J.  pr,  Chem,  29,  28.)  Solution  of  sucrate  of  lime  gives  no  pre- 
cipitate when  mixed  with  chloride  of  calcium  and  carbonate  of  soda, 
but  on  adding  a  small  quantity  of  sal-ammoniac  the  precipitate 
forms  immediately.  (Barreswil.)  —  Aqueous  sucrate  of  lime  dissolves 
terhasic  phosphate  of  lime,  either  in  the  pulverised  or  recently  precipi- 
tated state,  the  latter  more  abimdantly.  (Vasmer,  N,  Br.  Arch.  24, 
144 ;  Bobierre,  Compt  rend.  32,  859 ;  J.  pr.  Chem.  53,  508.)  —  Accord- 
ing to  Larrey  {Gaz.  medico  di  MUano^  Nr.  10,  1844)  teeth  immersed 
in  a  saturated  solution  of  sugar  become  soft  and  gelatinous ;  but 
Marchand  {J.  pr.  Che^n.  40,  371)  found  teeth  and  bones  unsoftened 
after  lying  in  sugar-water  for  14  days,  the  solution  not  containing  a 
larger  quantity  of  lime-salts  than  would  have  been  dissolved  by  pure 
water.     See  also  Ileumann  {Repei^t.  92,  321). 

Sucrate  of  Magnesia.  —  The  solution  of  magnesia  in  sugar- water  is 
colourless  and  has  a  sweet  taste;  when  kept  in  close  vessels  it  deposits 
nearly  all  the  magnesia  in  the  course  of  a  few  months. 

Hydrate  of  Alumina  is  very  sUghtly  soluble  in  sugar- water 
(Ramsey).  —  Aqueous  cane-sugar  does  not  dissolve  silicic  acid  either  in 
the  amorphous  or  in  the  crystalline  state.  (Pctzholdt,  J.  pr.  Chem. 
60,  368.)  —  Cane-sugar  prevents  the  precipitation  of  manganous  salts 
by  potash-ley,  the  solution  depositing  peroxide  of  manganese  when 
exposed  to  the  air.  (Lassaigne.)  An  aqueous  solution  of  sugar  does 
not  dissolve  sesquioxide  of  manganese  (reschier)  or  the  peroxide.  It 
does  not  dissolve  powder  ofalgaroth,  and  takes  up  only  a  small  quantity 
of  antimonic  acid.  (Peschier.)  It  attacks  metallic  zinc  when  in 
contact  with  iron,  but  dissolves  only  inconsiderable  quantities  of  pure 
zinc  or  tin  (Gladstone,  Chem.  Soc.  Qu.  J.  7,  195).  —  Oxide  of  zinc  does 
not  dissolve  in  sugar-water  (Peschier). 

Sucrate  of  Lead.  —  Lead  is  attacked  by  cane-sugar  solution  in  three 
days  in  warm  weather,  in  a  few  hom-s  at  the  boilmg  heat  (Gladstone, 
Chem.  Soc.  Qu.  J.  7,  195  ;  J.  pr.  Chem.  64,  192).  — Litharge  dissolves 
in  sugar-solution  only  when  very  finely  pulverised;  red  lead  more 
abundantly  (Peschier,  J.  Pharm.  3,  510).  Protoxide  of  lead  forms  with 
sugar  an  insoluble  and  a  soluble  [compoimd  (Berzelius).  The  latter  is 
perhaps  to  be  regarded  as  a  solution  of  sucrate  of  lead  in  sugar-water 
(Kr).  When  sugar  solutions  are  agitated  with  excess  of  lead-oxide, 
the  whole  of  the  sugar  is  precipitated  as  bibasic  sucrate  of  lead,  iu 
crystalline  needles  (Dubrunfaut,  Compt.  rend.  32,  498). 

Bibasic  — 1.  When  sugar- water  is  boiled  with  litharge  and  the 
filtrate  is  left  to  stand  f(^r  24  hours  out  of  contact  with  the  air,  white 
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flocks  separate  from  it.  (A.  Vogel.)  —  2.  Lead-oxide  is  digested  with 
solution  of  sugar  in  a  closed  vessel,  as  long  as  sugar  is  taken  up  by  it 
(Berzelius,  Mulder).  —  3.  Aqueous  neutral  acetate  of  lead  is  mixed 
with  sugar-solution,  ammonia  is  added,  and  the  resulting  gelatinous 
precipitate  is  dissolved  in  boiling  water.  The  solution  left  to  itself  in  a 
close  vessel  deposits  nodules  which  may  be  dried  in  vacuo  or  over  lime 
(Peligot). — 4.  A  solution  of  mono-  or  sesquibasic  sucrate  of  lime  is 
added  to  aqueous  neutral  acetate  of  lead,  as  long  as  the  precipitate, 
which  at  first  redissolves  on  agitation,  continues  to  increase. 
(Soubeiran). — 5.  Sesquibasic  sucrate  of  lime  is  added  to  solution  of 
neutral  acetate  of  lead  till  the  precipitate  no  longer  disappears  after 
forming,  and  the  liquid  is  precipitated  with  gJcohol  (Soubeiran). 

Crystalline  needles  or  nodules,  or  white  tasteless  powder.  When 
heated,  it  bums  tike  tinder  and  leaves  globules  of  lead.  Insoluble  in 
water  whether  cold  or  boiling,  easily  soluble  in  acids  and  in  solution  of 
acetate  of  lead. — If  precipitated  from  sugar-solutions  by  neutral 
acetate  of  lead  and  ammonia,  it  does  not  change  colour  when  heated 
(Schmidt,  Dissert,  fiber  Traubenzticker^  Gotting.  1861). 

Peligot.  Mulder. 

at  100*.  at  100".        at  159*. 

12  C    72    ....     1910    ....     19-1  ....     18-60     ....     19*14 

-    9  H    9     ....       2-38     ....       2-4  ....       2-69     ....       2-50 

9  0    72    ....     19-10    ....     19-2  ....    21-66    ....     1917 

2  PbO   224     ....     59-42     ....     59-3  ....     57-15     ....     5919 

C»H»09,2PbO   ....  377    ....  100-00    ....  1000    ....  100-00    ....  100-00 

Contains  58*26  p.  c.  lead-ozide  (Berzeliua) ;  when  prepared  according  to  4  or  5,  it 
contains  from  58*6  to  59*5  p.  c.  (Sonbeiran).  Berzelius  first  assigned  to  it  the  formula 
(^13^10010^2 PbO ;  Peligol  that  above  given.  As  Peligot  originally  examined  the  com- 
pound dried  at  170^^,  Berzelins  (JBers.  Jahresber,  19,  443 ;  Compt.  rend,  8,  528)  sup- 
fiosed  that  it  contained  sugar  already  altered  {caramet}^  whereupon  Peligot  showed 
Compi.  rend.  8,  530}  that  the  compound,  dried  at  lOQ*^,  likewise  possesses  the  above 
constitution,  and  contains  unaltered  sugar  which  may  be  recovered.  According  to 
Mulder  (/.pr.  CAem.  19,  187),  the  compound  dried  at  100"*  contains  Ci2H^<'Oi<',2PbO, 
and  does  not  become  anhydrous  till  heated  to  between  141^  and  HS",  giving  o£f  2*25 
p.  c.  of  its  weighty  and  becoming  somewhat  coloured. 

Cane-sugar  mixed  with  inverse  sugar  behaves  when  shaken  up 
with  oxide  of  lead,  in  the  same  manner  as  pure  cane-sugar,  a.  When 
200  pts.  of  lead-oxide  are  mixed  with  15  pts.  cane-sugar  and,  as  much 
water  as  is  required  to  make  up  the  mixture  to  300  cub.  cent.,  the 
lead-oxide,  after  two  days'  standing  and  agitation,  takes  up  the  whole 
of  the  sugar,  so  that  the  supernatant  water  contains  no  more  of  it.  — 
5.  If  the  same  mixture  contains  inverse  sugar  instead  of  cane-sugar, 
the  lead-oxide  does  not  take  up  more  than  ^  of  the  sugar.  —  c.  If  the 
cane-sugar  in  a  is  converted,  to  the  amount  of  -^^  or  more,  into 
inverse  sugar,  the  unaltered  portion  is  likewise  not  taken  up  by  the 
lead-oxide,  or  at  least  not  completely.  —  d.  If  the  mixture  contains 
both  kinds  of  sugar  and  less  lead-oxide  than  a,  the  inverse  sugar  is 
almost  wholly  taken  up,  the  cane-sugar  only  in  part.  In  200  cc.  of  a 
solution  containing  10*66  grms.  of  each  of  the  two  sugars,  and  left  for 
14  days  in  contact  with  100  grms.  of  lead-oxide,  0-14  grm.  inverse 
sugar  and  2*82  grms.  cane-sugar  still  remained  dissolved.  The  latter 
could  not  be  crystallised  after  the  removal  of  the  lead,  probably  in 
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consequence  of  the  admixture  of  glucic  and  apoglucic  acid  (Buignet, 
N.  Ann.  Ckim.  Phys.  61,  233). 

Hydrated  oxide  of  lead  is  dissolyed  by  the  sucrates  of  potash,  soda, 
baryta  and  lime  (Hunton). 

Cane-sugar  with  Iron, «»  Ferrous  oxide  does  not  dissolve  in  sugar- 
water  (Pe.schier),  not  even  when  recently  precipitated  (Gladstone).  — 
Sugar- water  has  no  action  on  ferric  hydrate  (Otadstone) ;  it  dissolves 
a  small  quantity  of  ferric  oxide,  precipitable  by  sulphide  of  ammonium, 
but  not  by  ammonia,  or  by  ferrocyanide  of  potassium  (Peschier) ;  it 
reduces  ferric  oxide  to  a  shght  extent  when  boiled  with  it.  (Kuhlmann, 
Compt.  rend,  49,  257.)  —  Pieces  of  iron,  in  contact  with  air,  and  with 
solution  of  sugar  (especially  if  it  contains  saltfi)  are  rapidly  corroded, 
while  the  portions  wholly  immersed  in  the  liquid  remain  unaltered. 
The  red-brown  solution  formed  after  18  months*  standing,  leaves, 
when  evaporated  over  the  water-bath,  a  tasteless,  insoluble  residue 
corresponding  to  the  formula  FeO,C"H"0" ;  it  is  insoluble  in  alcohol, 
is  precipitated  by  sulphide  of  ammonium,  but  not  by  the  pure  alkalis 
or  their  carbonates  (Gladstone,  Inst.  1854,  35 ;  Lieb.  Kopp.  Jahresher, 
1853,  b37.  —  Chem.  Soc.  Qu.J.  7,  195;  Lieb.  Kopp.  Jahresber.  1854,  619). 

In  a  solution  of  sugar  mixed  with  ferrous  or  ferric  salts,  potash- 
ley  produces  a  precipitate  which  dissolves  in  excess  of  potash,  forming 
a  liquid  which  is  either  red-brown  at  first,  or  (in  the  case  of  feiyous 
salts)  becomes  so  by  contact  with  air  (Lassaigne,  Rose).  Aqueous 
solution  of  sucratc  of  lime  (potash,  baryta,  or  strontia)  dissolves 
sesquioxide  of  iron,  converting  it  into  protoxide.  The  residue  left  after 
evaporation  and  dndng  at  100°,  contains  18  p.  c.  CaO,  and  11*7  FeO, 
con-esponding  to  the  formula  C"H"0",2CaO,FeO,3HO  (calc.  19-3  p.  c 
CaO  12-4  FeO).  The  solution  left  in  contact  with  the  air,  soon  deposits 
crystals  of  carbonate  of  lime  and  ferrous  carbonate  :  it  is  precipitated 
by  alkaline  succinates  and  benzoates,  but  not  by  pure  alkalis  or  by 
ferrocyanide  of  potassium  (Hunton). 

Cane-mgar  with  Capric  oxide. — (See  page  263.) — Sugar-solution  dis- 
solves perceptible  quantities  of  copper  when  left  in  contact  with  it  for 
some  weeks  in  hot  weather.  (Gladstone.)  —  It  does  not  dissolve  cupric 
hydrate,  except  in  presence  of  alkalis  or  alkaline  earths.  Cupric  car- 
bonate is  abundantly  dissolved  by  aqueous  solution  of  sugar,  the 
resulting  green  solution  being  precipitated  by  ferrocyanide  of  potas- 
sium and  sulphide  of  ammonium,  but  not  by  alkaline  carbonates. 
(Peschier,  J>  P/tarm.  3,  510 ;  Eepert.  6,  85.)  —  A  mixtiure  of  the  concen- 
trated solutions  of  cane-sugar  and  cupric  sulphate,  deposits,  idPter 
standing  for  some  time,  a  bluish  white  precipitate  containing  1  at. 
sugar  (therefore  probably  C"H"0")  to  1  at.  CuO,SO*  and  4  at.  water. 
This  compound  decomposes  when  its  solution  is  heated  with  separation 
of  cuprous  oxide  and  metallic  copper.  When  gradually  heat^  alone, 
it  gives  off  water  and  forms  a  numous  substuice.  (Barreswil,  If.  J, 
Pharm.  7,  29 ;  J.  pr.  Chem.  35,  253.) 

Sucmte  of  potash,  sucrate  of  baryta,  and  monosucrate  of  lime,  do 
not  of  themselves  dissolve  cupric  hydrate,  but  on  adding  more  sugar 
the  cupric  hydrate  dissolves  immediately,  forming  a  deep  blue  liquid. 
(PeUgot.)  Recently  precipitated  cupric  hydrate  dissolves  abundanti^y 
in  sugar-solutions  mixed  with  potash,  soda  or  lime,  sparingly  in  such  as 
contam  baryta  or  strontia.   (Becquerel,  Ann,  Chim.  Phys.  47,  7.)  — 
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When  cupric  hydrate  in  excess  is  mixed  with  sugar-solution  and  a 
small  quantity  of  potash,  the  filtrate,  which  has  a  fine  blue  colour, 
leaves,  on  evaporation  in  vacuo,  a  transparent  turpentine-like  mass, 
contaming  773  p.  c.  CuO,  8'83  KO,  and  83-44  sugar  and  water. 
(Lassaigne,  J.  Ohm.  med.  18,  820;  Berz.  Jahreaber.  28,  280.) — Aqueous 
Dibasic  sucrate  of  lime  dissolves  cupric  hydrate,  forming  a  blue  liquid, 
which,  when  evaporated  in  vacuo,  leaves  a  crystalline  mass,  permanent 
in  the  air,  and  containing,  after  drying  at  100^,  16*8  p.  c.  lime  and 
22-8  CuO,  therefore  0»H^K)",20aO,2CuO,8HO  (calc.  l«-7  CaO  and  28»9 
CaO)«  Ita  solution  heated  to  70°,  deposits  blue  flocks  which  redissolve 
completely  on  cooling.  A  similar  effect  takes  place  when  the  solution 
is  boiled  in  an  open,  shallow  vessel ;  but  it  decomposes,  with  separa- 
tion of  cuprous  oxide,  when  heated  once  or  twice  in  a  test-tube,  or 
after  addition  of  sugar.  (Hun ton,  J,  pr,  Chem.  11,  409.) 

Cane-sugar  solution  does  not  attack  metallic  mercury,  or  metallic 
silvtsr.  (Gladstone.) 

Cane-sugar  dissolves  in  80  pts.  of  boiling  absolute  alcohol^  and 
separates  out  again  almost  completely  on  coohng  (Pfaff) ;  it  dissolves 
in  4  pts.  boiling  alcohol  of  sp.  gr.  about  0*83,  the  greater  part  sepa- 
rating on  cooling  (Wenzel);  in  still  weaker  alcohol,  sugar  dissolves 
more  abundantly,  but  not  to  so  large  an  amount  as  in  water.  — Cane- 
sugar  is  precipitated  in  the  crystalline  form  from  its  alcoholic  solution 
by  ether,  (Dobereiner,  Ann,  Fharm  14,  249.) 

Aqueous  cane-sugar  dissolves  uric  acidy  which  separates  again  on 
addition  of  hydrochloric  acid.  (Vasmer,  N,  Br,  Arch.  24, 144.) 


Appendix  to  Cane-sugar, 

1.  Caramelane. 

C»»HW  or  C«*H«K)«. 

O^s.  N,  Ann,  Chim,  Phys,  62,  360 ;  abstr.  Compt,  rend,  45,  590 ; 
N,  J.  Pharm.  32,  424 ;  Chem.  Centr,  1858,  163 ;  N.  Br,  Arch.  95,  68  ; 
Kapp*a  Jahresber,  1857,  497. 

See  p.  248.  The  fint  product  of  the  decomposition  of  cane-sugar  hy  heat,  and 
almost  the  sole  constituent  of  the  residue,  if  the  loss  does  not  exceed  10  per  cent.  The 
chief  constituent  of  ordinary  caramel. 

To  prepare  it,  caramel  is  immei"sed  in  alcohol  of  84  per  cent.,  which 
dissolves  cai-amelane,  unaltered  sugar,  and  traces  of  caramelene,  leaving 
caramalene  and  caramelin  undissolved ;  the  solution  is  evaporated ;  the 
unaltered  sugar  is  decomposed  by  fermentation  with  yeast ;  the  liquid* 
is  filtered  and  evaporated  to  dryness;  the  residue  is  treated  with 
alcohol,  which  leaves  caramelene  undissolved ;  and  the  solution  is 
evaporated. 

Brown,  inodorous,  very  bitter  mass.  Hard  and  brittle  at  mean 
temperature,  semi-fluid  at  100". 


u  2 
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12  C    

9H   

at  120^ 
72     ....     47-06    ... 

46-41 

6-53 

«F   ^^      •••■  •  • 

72    ....    47-06    ... 

47-06 

C^HW  .... 

153    ....  100-00    ... 

100-00 

Caramelane  heated  to  ISO"*  gives  off  water  and  is  converted  into 
caramelene. — With  mtrie  e^cviy  it  forms  oxalic  acid.  ^  From  an  aqneons 
solution  of  cupric  oxide  and  potash  it  throws  down  cuprous  oxide,  and 
from  ^o^and  silver  saUsj  it  throws  down  the  metals.  — Not  fermentable 
with  yeast. 

Deliquesces  in  moist  air,  and  dissolves  readily  in  waterj  with  fine 
gold-yellow  colour.  —  The  aqueous  solution  does  not  precipitate 
metallic  salts. 

Barmm-compound.  — Precipitated  by  a  solution  of  baryta  in  wood- 
spirit  added  in  excess  to  alcoholic  caramelane.  Contains  52-40  p.  c. 
baiyta,  corresponding  to  the  formula  C"H*0*,2BaO  (calc.  51-56  p.  c. 
BaO). 

Lead'compounds.  —  a.  Bibasic. — Ammoniacal  sugar  of  lead  added 
in  excess  to  alcoholic  caramelane  throws  down  a  precipitate  containing 
61  p.  c.  PbO,  therefore  C»H«0»,2PbO  (calc  60-76  p.  c.  PbO).— 
b.  Monobasic. —  Separated  from  alcoholic  caramelane  by  alcohoUc  sugar 
of  lead,  as  a  yellow  precipitate,  the  liquid  remaining  coloured ;  purified 
by  washing  with  alcohol. 


12  C  

72      ....    28-125    .... 

1....      Zo-ol 

3-29 

8  0 

PbO 

64      ....    25-000    .... 

111-7    ....    43-750    ... 

26-70 

42-20 

C»H«08,PbO 

....  255-7    ....  100000     ... 

100-00 

Caramelane  dissolves  m  weak  alcohol^  slightly  in  absolute  alcohol, 
not  at  all  in  ether. 


2.  Caramelene. 

C"H"K)«. 
Qtixs.    N.  Ann.  Chm.  Phys.  52,  865. 

Extracted  by  cold  water  from  the  residue  insoluble  in  alcohol 
obtained  in  the  preparation  of  caramelane  from  ordinary  caramel.  The 
solution  is  evaporated  or  precipitated  with  alcohol,  and  the  admixed 
caramelin,  which  remains  after  dissolving  in  water  and  filtering,  is 
removed.  —  If  the  loss  of  weight  of  the  cane-sugar  by  heating  amounts 
to  about  15  per  cent,  the  residue  is  rich  in  caramelene. 

Properties.  Red-brown,  hard,  brittle  mass,  shining  on  the  fractured 
surface.    Pennaaent  in  the  air. 


36  C  

25  H 

CARAMELIN. 

at  110\ 

216    ....    48*98    ... 

25     ....       5*66     ... 

GQu. 

48*37 

6*17 

25  O 

200     ....     45*36     ... 

45-46 

C»H»0»  .. 

441     ....  100*00     ... 

10000 
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Aeoordiog  to  G^lis,  it  is  3C"H<0*  +  HO. 

With  nitric  acidj  it  forms  oxalic  acid.  —  It  dissolves  in  dilute  adds^ 
the  solution  depositing  red-brown  flocks  slowly  in  the  cold,  quickly 
when  heated.  It  reduces  cupric  oxide  in  alkaline  solution,  also  nitrate 
of  silver. 

Dissolves  in  water,  with  deep  red-brown  colour. 

Barium-compound.  —  The  solution  of  caramelene  in  aqueous  alcohol 
is  mixed  with  excess  of  baryta- water,  or  a  mixture  of  aqueous  cara- 
melene with  baiyta- water  is  precipitated  by  alcohol. 

G^lis. 

36  C  216*0  ....  42-46  41*01 

24  H  24*0  ....   4*76  5'80 

24  O  192*0  ....  37*76  37*51 

BaO  w. 76*5  ....  15*02  15*68 

C»H«0",BaO  508*5     ....  10000    100*00 

Lead-compound.  —  On  precipitating  a  :  Caramelene  mixed  with 
excess  of  ammonia  with  sugar  of  lead ;  b :  Aqueous  caramelene  with 
ammoniacal  sugar  of  lead ;  and  c :  A  mixture  of  aqueous  caramelene 
and  -J-  alcohol  with  excess  of  alcohoUc  sugar  of  lead, — precipitates  are 
formed  containmg:  a,  61*8;  ft,  52*5;  and  c,  20*8  p.  c.  lead-oxide, 
therefore  1,  4,  and  6  at.  lead-oxide  to  C»H**0**. 

Caramelene  is  easily  soluble  in  aqueous  alcohol,  sparingly  in  abso- 
lute alcohol,  insoluble  in  ether. 


3.  Caramelin. 

O^is.     N.  Ann.  Chim.  Phys.  52,  271. 

Respecting  ManmeD^'s  Caramelint  see  page  262. — Contaiaed  in  caramel,  especially 
when  the  loss  of  weight  of  the  cane-sugar  amounts  to  25  per  cent.  — Caramel,  after 

exhaustion  with  alcohol  of  84  p.  c.  and  with  cold  water  successively, 
consists  chiefly  of  caramelin.  This  substance  may  occur  in  three 
different  states,  viz.,  as  a-caramelin,  soluble  in  water,  as  /3-caramelin, 
insoluble  in  water,  but  soluble  in  other  solvents,  and  as  7-caramelin 
insoluble  in  all  solvents.-^ a.  When  the  above-mentioned  residue  is 
boiled  out  with  water,  the  /9-caramelin  partly  dissol\%8  as  a-caramelin, 
so  that  the  solution  deposits  nothing  on  cooling,  but  yields  with  chlo- 
ride of  barium  a  precipitate  of  the  barium-compound  of  a-caramelin.  — 
p.  The  solution  when  evaporated  deposits  black  shining  films  of 
)3-caramelin.  When  the  above-mentioned  residue  is  well  boiled  with 
aqueous  alkalis,  /9-caramelin  dissolves,  and   may  be  predpitated  in 


i»-^*: 
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brown  flocks  by  adds.  —  7.  When  /9-caramelm  is  heated  to  110**,  or 
left  in  the  moist  state  for  several  days,  it  is  converted  into  7-carameHn. 
(Gelis.) 

a-Caramelin.  —  Known  only  in  aqueous  solution  and  in  combination 
with  baryta. 

Barium-compound  of  a-Caramelin.  —  Precipitated  from  aqueous  cara- 
melin  by  qhloride  of  barium. 


96  C  576-0 

50  H  60-0 

50  O  400-0 

BaO 76-5 


6^8. 

62-23  51-20 

4-5S  5-14 

86-29  36*28 

6-95  7-88 


C«HMOM,BaO  1102-5    ....  10000    ........  lOO'OO 

p'CarameUn,  Preparation  and  Properties,  see  above.  Infusible,  difficultly 
combustible  mass,  which  forms  oxalic  acid  with  nitric  acid,  throws 
down  cuprous  oxide  from  an  alkaline  solution  of  cupric  oxide,  reduces 
the  metals  from  gold  and  silver  salts,  and  predpitates  other  metallic 
salts.  Soluble  in  aqueous  ammonia  and  in  the  Jixed  alkalis.  Goloui-s 
solutions  12  times  stronger  than  caramelane.  Soluble  in  aqueous,  but 
insoluble  in  absolute  alcohol. 

Barium-compound,  —  Precipitated  by  chloride  of  barium  from  ammo- 
iiiacal  /3-carameUn.  —  From  alcoholic  ^-caramelin  chloride  of  barium 
throws  down  a  precipitate  having  the  composition  of  the  barium-com- 
pound of  £t-caramelin. 


96  C 576 

50  H 50 

50  0 400 

2BaO    153 


061is. 

48-85  48-35 

4*24  4-57 

i53*92  •■■«  ..  00-00 

12-99  13-20 


C»HWO»  2BaO  1179    ....  10000     100-00 

From  aqueous /8-caramelin,  aqueous  sugar  of  lead  throws  down  a 
precipitate  containing  9*8  p.  c.  PbO,  corresponding  therefore  to  the 
formula  C*«H"0«,PbO. 

7.  Caramelin.  See  page  293.  Insoluble  in  all  menstrua.  Forms 
oxalic  acid  with  nitric  acpd. 


96  C    576    ....    55-65 

51  H 51     ....      4-92 

51  O    408    ....    39-43 


GAis. 

55-08 

5-06 

39*86 


C»«H"0«    1035    ....  100-00    ....  10000 
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4.  Nitrosaccharose. 

ScHoKBEDT.    Pogg.  70,  100 ;  abstr.  Pharm.  CerUr,  1847,  605. 

L.  Thompson.    J.  Chm,  med.  24,  433.  —  Pharm.  J.  Trans.  8,  466; 

N.  J.  Pharm,  16,  103 ;  J.  Chim.  med.  25,  69. 
XL  Reinsch.     Jahrb.pr.  Pharm.  18,  102  ;  Pharm,  Centr.  1849,  506. 
A.  &  W.  Knop.    J.  pr.  Chem.  56,  834. 

NitrozueieTf  NUrwrohrzuekert  Knallrohrzucker. 

Formation.  By  the  action  of  fimiiiig  nitric  acid  (Sobrero,  Compt. 
rend.  24,  247),  of  nltrosulphuric  acid  (Schonbein,  Reinsch),  on  cane- 
sugar  (p.  258). 

PreparoHon.  1.  One  pt.  pulverised  cane-sugar  is  added  to  a  mix- 
ture of  2  pts.  oil  of  vitriol  and  1  pt.  mono-hydrated  nitric  acid,  in 
which  it  at  first  remains  suspended  as  a  thin  transparent  pulp,  then,  if 
the  Uquid  is  continually  stirred,  cakes  after  a  few  minutes  into  a  tena- 
cious lump.  This  is  washed  with  cold  water,  and  kneaded  in  warm 
water  till  it  no  longer  reddens  litmus.  (Sch5nbein.)  —  2.  One  pt.  pul- 
verised cane-sugar  is  stirred  up  with  a  mixture  of  16  pts.  oil  of  vitriol 
and  6  pts.  nitric  acid  of  sp.  gr.  1'6  cooled  to  15° ;  the  pasty  mass, 
which  separates  after  a  few  seconds,  is  washed  with  cold  water,  dis- 
solved in  alcohol,  precipitated  from  the  solution  with  excess  of  carbo- 
nate of"  potash,  and  purified  by  solution  in  ether  and  evaporation. 
(Thomson.)  Thomson  also  uses  3  pts.  oil  of  vitriol  and  1  pt.  nitric 
acid  to  1  pt.  sugar,  allows  the  mixture  to  act  upon  the  sugar  for 
4  minutes,  then  washes  it,  and  boils  for  a  few  minutes  with  strong 
potash-ley.  —  Reinsch  leaves  the  sugar  for  four  hours  in  the  cooled 
mixture  of  3  vol.  oil  of  vitriol  and  2  vol.  nitric  add  of  sp.  gr.  4-62 

(under  which  oireomstuioeB  however  It  may  take  lire ;  p.  268),  washes   and   dries 

it  without  application  of  heat. 

Properties.  White  or  transparent  colourless  resin,  friable  m  the 
cold,  but  at  mean  temperatures,  soft,  glutinous,  and  capable  of  being 
drawn  out  into  threads,  having  a  (aill^  lustre  (Schonbein^  Melts  at 
about  30°  (Reinsch).  Inodorous.  Tastes  bitter.  Neutral.  Contains 
about  27  p.  c.  carbon,  and  3  p.  c.  hydrogen,  and  is  therefore 
C»H»X*0"  (Sobrero ;  calculated  27-6  C.  and  3-4  H). 

Decompositions.  1.  Heaied  in  an  open  vessel,  it  gives  off  aqueous 
vapour,  then  froths  up  and  gives  off  hyponitric  acid  vapom-,  takes  fire 
suddenly,  and  bums  away  leaving  but  little  residue  (Schonbem). 
Reinsch's  nitrosaccharose  explodes  on  red-hot  platinum  foil  or  under 
the  hammer,  deflagrates  when  touched  with  a  glowing  splinter,  and, 
when  heated  in  a  porcelain  crucible,  melts,  gives  off  red  vapours  and 
volatilises  without  explosion.  —  2.  Nitrosaccharose  dissolves  gradually 
in  boiling  water^  l!he  solution  turning  brown  when  evaporated,  and 
leaving  a  bitter  residue  which  is  soluble  in  cold  water,  and  when  heated, 
first  swells  up  and  then  detonates  (Schonbein).  —  Nitrosaccharose  kept 
under  water  in  summer  becomes  soft,  kneadable  and  glutinous,  and  after 
exposure  to  the  air  in  the  moist  state,  gives  out  when  pressed,  a  liquid 
containmga  considerable  quantity  of  free  nitric  add,  without  evolution 
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of  nitrous  vapours  (Knop). — 3.  When  gently  heated  with  oil  of 
vitriol,  it  dissolves,  without  colouring,  but  with  an  odour  of  nitric 
acid ;  from  the  bitter  solution,  which  decolorises  indigo,  water  separates 
nitric  oxide  gas,  but  does  not  form  aay  precipitate  even  on  addition  of 
potash.  At  a  higher  temperature,  the  solution  of  nitrosaccharose  in 
oil  of  vitriol  gives  off  red  vapours  (Schonbein).  —  4.  Nitric  acid  of 
sp.  gr.  1'6  dissolves  nitrosaccharose  at  24°  in  all  proportions,  and  the 
solution,  which  is  precipitable'by  water,  gives  off  hyponitric  acid  when 
heated,  losing  at  the  same  time  its  bitter  taste,  and  being  then  no 
longer  precipitable  by  water  (Schonbein).  —  5.  When  a  solution  of 
nitrosaccharose  in  ether-alcohol  is  boiled  for  several  hours  with  an 
aqueous  solution  of  bisulphite  of  ammonia  completely  saturated  with 
sulphurous  acid,  the  nitrosaccharose  is  completely  decomposed,  yielding 
carbonic  acid,  water,  nitrous  acid,  and  probably  ammonia  (Knop).  — 
6.  Potash-ley  docs  not  attack  nitrosaccharose  in  the  cold,  but  dissolves 
it  with  brown-red  colour  at  a  moderate  heat.  The  solution  is  nearly 
decolorised  by  acids,  and  leaves  a  detonating  residue  when  evaporated. 

See  also  Thompson's  method  of  preparing  nitrosaccharose  (p.  294).  Nitrosaccharose 

heated  with  sticks  of  potash,  froths  up,  blackens,  and  then  takes  fire 
(Schonbein).  —  7.  A  mixture  of  the  ether-alcohoUc  solution  of  nitro- 
saccharose with  excess  of  ammoniacal  cuprous  chloride  gives  off  a  small 
quantity  of  gas  when  left  to  stand  in  sunshine,  and  decomposes  when 
heated,  like  that  with  sulphite  of  ammonia  above-mentioned  (Eoiop). 

Nitrosaccharose  is  insoluble  in  cold  water,  but  melts  to  an  oil  in 
boiling  water,  and  slowly  dissolves.  On  cooling,  the  dissolved  part 
separates  out  (Schonbein,  Eeinsch).  The  solution  gives  the  reactions 
of  nitrites  (Schonbein). 

It  dissolves  freely  in  alcohol,  ether,  and  fixed  oils.  The  alcoholic 
solution,  when  left  to  evaporate  (or  cooled),  deposits  crystals,  according 
to  Reinsch ;  none,  according  to  Vohl  (Ann,  Pharm.  70,  860) ;  a  mass 
resembling  turpentine,  according^  to  Schonbein  and  Thompson.  The 
ether-alcoholic  solution  in  cert^n  proportions  forms  two  nonTmiscible 
liquids  (Knop). 


Melitose. 

C**H«CF  or  C»H>W^ 

J.  Johnston.    Me^n.  Cheni.  Soc.  1,  169 ;  Phil.  Mag.  J.  23,  14 ;  J.  pr. 

Chem.  29,  485. 
Berthelot.    N.  Ann.  Chim.  Phys.  46,  66  ;  Compt.  rend.  41,  392 ;  J.  pr. 

Chem.  67,  230 ;  Chem.  Centr.  1855,  699.     Chim.  Organ.  Paris,  1860, 

2,  260. 

First  reco^ised  as  a  distinct  substance  by  Johnston ;  farther  examined  by  Berthelot 
— Occurs  in  manna  from  Van  Dieman's  Land,  where  the  manna  falls  in 
opaque  drops  from  various  species  of  Eucalyptus. 

Preparation.  Crystallises  by  evaporation  from  the  aqueous  solu- 
tion of   manna,  and  separates  abundantly  on  cooling  from  the  hot 
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saturated  alcoholic  solution  (Johnston).  Berthelot  purifies  the 
aqueous  solution  with  animal  charcoal. 

Properties.  Hydrated  melitose  is  obtained  from  the  alcoholic  solu- 
tion in  beautiful  white,  small,  but  well  developed,  crystals  (Johnston); 
from  water  in  thin  microscopic  interlaced  needles  (Berthelot).  Tastes 
rather  sweet.  Dextro-rotatory  power  [a]y  =  102°  for  C"H?*0",  =  88° 
for  C»ffK)",3H0  (Berthelot).  At  100°  it  gives  off  2  at.  and  at  130° 
another  1  at.  water,  emitting  at  the  same  time  a  peculiar  odour,  and, 
being  converted  into  anhydrous  meHtose,  a  pale  yellow  mass  resembling 
barley-sugar  (Berthelot).  Melitose,  C^H"0*,  crystallised  from  alcohol 
melts  when  quickly  heated  from  94°  to  100°,  giving  off  11*23  p.  c. 
=  5  at.  water  (by  calculation  11*36  p.  c.) ;  when  slowly  heated  to 
82°  it  yields  in  three  hours  15*88  p.  c.  =  7  at.  water  (by  calculation 
15*9  p.  c),  without  melting.  Melitose  fused  at  100°  scarcely  decreases 
in  weight  at  this  temperature,  and  does  not  give  up  its  7  at.  water 
completely  till  it  is  heated  to  115° — 121°,  turning  brown  at  the  same 
time,  from  incipient  decomposition,  before  the  whole  of  the  water  is 
given  off.  If  the  7  at.  water  are  given  off  at  a  temperature  not 
exceeding  93°,  the  anhydrous  melitose  remains  in  the  form  of  a  dry 
powder  which  begins  to  naelt  at  138°,  and  may  be  kept  for  several 
hours  at  149°  without  turning  brown  or  giving  off  water.  It  then 
absorbs  moisture  greedily  from  the  air,  and  is  converted  into  a  syrup 
which  gradually  hardens  to  a  colourless  crystalline  mass  of  the  same 
weight  as  the  crystallised  melitose  (Johnston). 

at  100°  Berthdot. 

24  C    144  ....  40-00  39*6 

22  H    22  ....  6-11  6-2 

22  O    176  ....  48-89  506 

2  HO 18  ...  5-00  3*6 

C"HaO»  2HO  ^  360    ....  100-00    lOO'O 

According  to  Johnston,  dried  melitose  »C>«H"0«.    Vid.  sap. 

Decompositions.  1.  When  strongly  heated^  it  emits  an  odour  of  caramel 
becomes  carbonised,  and  bums  away  without  residue.  (Berthelot.)  — 
2.  When  cautiously  heated  with  moderately  dilute  nitric  acid^  it 
first  forms  a  syrup,  then  a  small  quantity  of  mucic  add,  and  a  larger 
quantity  of  oxalic  acid.  —  3.  Fuming  hydrochloric  acid  at  100°,  converts 
mehtose  in  two  hours  into  a  black  insoluble  mass.  —  4.  Melitose  heated 
with  dilute  sulphuric  acid,  is  resolved  into  equal  parts  of  fermentable 
sugar  and  non-fermentable  eucalin  : 

C»«H«0"  +  2HO  -  CMH»0»  +  C»H«0» 

its  rotatory  power  diminishing  at  the  same  time  to  about  j-  of  the 
ori^al  amount  (Berthelot).  The  sugar  is  uncrystallisable,  and  behaves 
with  alkalis,  copper-solution,  and  in  respect  of  its  rotatory  power,  like 
grape-sugar.  (Berthelot).  —  5.  Melitose  ferments  with  yeast,  yielding 
about  haS  as  much  alcohol  and  carbonic  acid  (22*2  p.  c.)  as  grape-sugar, 
together  with  non-fermentable  eucalin  : 

C«H«Oa  +  2H0  «  4CO»  +  2C<H»0«  +  CWHJSQW  (Berthdot). 
Melitose  is  not  altered  by  boiling  with  aqueous  alkalis^  by  heating  to 
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100°  with  hydrate  of  baryta  and  a  small  quantity  of  water,  or  by 
boiling  with  potassto-cupric  tartrate.  (Berthelot.) 

Melitose  dissolves  in  water  to  about  the  same  amount  as  mannite. 
The  concentrated  solution  is  not  precipitated  by  alcohol.  It  forms  a 
brownish  precipitate  with  baryta-water,  white  with  ammoniacal  sugar  of 
lead.  (Johnston.)  When  melitose  moistened  with  water  is  heated  to  149  ** 
with  oxide  of  lead,  it  gives  off  only  2  at.  more  water  than  when  heated 
by  itself,  and  is  not  further  decomposed.  The  mass  absorbs  water 
greedily  on  cooling.  When  boiled  with  water,  it  yields  a  filtrate 
containing  meUtose,  but  no  lead.  (Johnston.) — It  dissolves  in  boiling 
alcohol  more  abundantly  than  mannite. 


Appendix  to  MeUtoae. 

Eucalin. 

(?*H?*0**  or  C»H«0». 

Bebthelot.    N.  Arm.  Chim.  Phys.  46,  72;    Chdm.  organ.  Paris  1860, 
2,  250. 

Formation.  See  297.  The  liquid  which  remains  after  the  com- 
plete fermentation  of  melitose  is  mixed  with  4  or  5  vol.  alcohol,  and 
the  filtrate  is  evaporated. 

Slightly  sweet  synip  which  retains  2  at.  water  in  vacuo,  and  gives 
it  up  at  100°.     Dextro-rotatory  power  about  [a]^  =  63°. 

at  100''.  Berthelot 

12  C  72     ....  40-00  39-5 

12  H 12    ....  ^-67  6-5 

12  0 96     ....  53-33  54*0 

Ci2H"OM  180    ....  10000    100-0 

Becomes  coloured  at  100°,  and  changes  at  200°  to  a  black  insoluble 
mass.  —  With  nitric  acid  it  forms  oxalic  acid.  —  By  oU  of  vitriol  or 
fuming  nitric  acid  at  100°,  it  is  converted  into  humous  substance, — Dilute 
sulphuric  acid  does  not  form  any  fermentable  substance  from  eucalin.  — 
Eucalin  becomes  coloured  when  heated  with  doi^a.—*  It  does  not 
reduce  potaasio'cupric  tartrate.    It  is  not  fermentable. 


Melezitose. 

C"ff»0"t)rC»*H«0". 

BoKastre.    /.  Pharm.  19,  443  and  626 ;  abstr.  Ann.  Pharm.  10,  337. 
Berthelot.     N.  Ann.  Chim.  Phye.  46,  86.  —  Compt.  rend.  47,    224; 

J.  pr.  Chem.  76,  188 ;  Ann.  Pharm.  108, 120 ;  Chem.  Centr.  1858, 

673 ;  ESp.  Chim.  pure,  1,  43  and  389.     In  detail  N.  Ann.  Chim. 

Phys.  65,  282 ;  abstr.  Kopp'a  Jahresber.  1858,  488.  —  Chim.  organ. 

2,  266. 
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Discovered  in  the  manna  of  Brian^on,  and  recognised  as  a  peculiar 
substance  by  Bonastre ;  investigated  by  Berthelot.  —  The  manna  of 
Brian^on  forms  on  young  larches  (Pinus  Laiix\  also  and  more  abun- 
dantly on  the  young  twigs  of  old  trees  in  hot  dry  summers.  (Chancel, 

«/.  Pharm,  8)  855.)     Respecting  other  ezndatea  from  various  species  of  PmuM,  see 
Mtttmite, 

The  extract  of  Brian^on  manna  prepared  with  boiling  alcohol  de- 
posits melezitose  after  being  evaporated  to  a  syrup,  and  left  to  stand 
for  several  weeks ;  the  product  may  be  purified  by  recrystallisation 
from  boiling  alcohol.  (Berthelot.) 

Properties.  Very  small,  short,  hard,  shining  crystals,  resembling 
those  of  cane-sugar  under  the  microscope,  white  and  mealy  when  seen 
in  mass ;  effloresces  readily  when  exposed  to  the  air,  and  gives  off 
4  p.  c.  of  water  when  heated.  Melts  below  140°  without  further 
alteration,  and  solidifies  to  a  glass  on  cooling.  About  as  sweet  as 
glucose.  Dextro-rotatory  power  [jx]j  =  94-1°  for  C"H"0".  (Berthelot.) 


• 

12  C  

n  H 

aiUO\ 

72    ...,     42-10     ... 

11     ....       6'43     ... 

Berthelot 

42-2 

6-6 

11  o 

88     ....     51*47     ... 

61-2 

• 

CBH"0"  .. 

171     ....  10000    ,.. 

10000 

Decompositions.  Decomposed  at  about  200°. — Carbonises  with  cold  oil 
of  vitriol,  quickly  turns  brown  with  boiUng  hydrochloric  acid,  and  forms 
oxalic  acid  with  nitric  acid. —By  an  hour's  boiUng  with  dilute  sulphuric 
acid,  it  is  converted  into  glucose,  more  rapidly  therefore  than  trehalose, 
but  in  longer  time  than  is  required  for  the  inversion  of  cane-sugar.— In 
contact  with  yeast,  it  passes  slowly  or  sometimes  not  at  all,  into  vinous 
fermentation.  It  is  not  altered  at  100^  by  aqueous  aOcaUs,  and  scarcely 
hy  potassio'Cupric  tartf*ate.  (Berthelot.) 

Melezitose  dissolves  readily  in  water,  and  is  precipitated  by  ammo* 
niacal  sugar  of  lead.  (Berthelot.)  —  It  is  nearly  insoluble  in  cold,  slightly 
soluble  in  boiling  alcohol,  quite  insoluble  in  ether.  Absolute  alcohol 
precipitates  it  from  the  aqueous  solution.  (Berthelot.) 


Trehalose. 

C**H«0«  or  C"H"0". 

BsBTHELOT.  Conwt.  rend.  46,  1276;  Inst.  1858,  213;  J.pr.  Chem.  74, 
291 ;  Ann.  Pharm.  108, 118;  Rep.  Chim.  pure,  1,  389 ;  Chem.  Centr. 
1858,  548.  —  Compt.  rend.  47,  202 ;  J.  pr.  Chem.  77,  1 ;  Ann. 
Pharm.  109,  34.  The  two  Memoirs  in  detail :  N.  Ann.  Chim.  Phys. 
55,  272  and  291;  abstr,  Kopp's  Jahresber.  1858,  486.  —  CAiVw. 
organ.  Paris  2,  263. 

Occurs  in  the  Trehala  manna  of  Syria.    See  Guibourt  {N.  J.  Pharm.  34, 

81 ;  Con^t.  rend.  46,  1213) ;  Hanbvry  (M  Repert.  8,  535). 


£ 
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Preparation.  When  pulverised  trehala  manna  is  treated  with  boil- 
ing alcohol,  trehalose  sometimes  crystallises  from  the  extract  on 
cooling,  sometimes  not  till  after  dilution  and  several  days'  repose.  It 
is  purified  by  washing  with  cold  alcohol,  boiling  with  small  quantities 
of  alcohol,  and  repeated  crystallisation  from  boiling  alcohol  with  help 
of  animal  charcoal. 

Properties.  Hard  shining  crystals,  which  CTate  between  the  teeth. 
They  belong  to  the  right  prismatic  system  (Fig.  73).  Rhombic  prism 
u,  whose  obtuse  angle  =  111**  15'  to  111'*  46' ;  bevelled  above  by  the 
horizontal  prism  ».  Inclination  of  t:  i  above  =  115**  41'  to  116''  11' 
(Berthelot).  Not  quite  so  sweet  as  cane-sugar.  Air-dried  trehalose 
heated  to  97"*  loses  9*7  p.  c.  water,  and  at  160**  neither  gives  off  any 
more  water  nor  melts  (calculation  for  C**H"0*S2H0  =  9*5  p.  c.  HO). 
When  rapidly  heated  to  100**,  it  melts  to  a  colourless  glass  which 
solidifies  like  cane-sugar  on  cooling.  Dextro-rotatory  power, 
a']j  =  220^  for  C»H"0",  =  199*^  for  C»ff'0",2H0  :  scarcely  altered 
y  heat,  and  nearly  as  great  in  the  recently  prepared  solution  as  in 
one  wMch  has  been  kept  for  24  hours. 

Crystali,  Berthelot. 

12  C 72    ....    38-09    38*2 

13  H    13    ....      6-88    6-6 

13  O    104     ....     5503 552 

CUH"0",2H0  189    ....  10000    lOO'O 

Dried,  Berthelot. 

12  C    72     ....    42-10    41-9 

11  H    11     ....      6-43     6-6 

11  O    ,    88    ....    61-47     61-5 

C»H"0"     171     ....  10000 100-0 

Differs  from  Mitscherlich's  nyoose  (p.  301)  only  by  iti  greater  rotatory  power 
(Berthelot).  More  recently  {Chm,  or^an,  2,  263),  Berthelot  regards  the  two  bodies 
as  identical. 

Decompositions.  1.  Only  partially  decomposed  between  181^  and 
200** ;  carbonises  when  heated  above  200°,  giving  off  water,  gases  and 
an  odour  of  caramel.  —  2.  Heated  in  contact  with  the  air,  it  bums 
with  a  reddish  flame.  —  3.  Heated  with  nitric  acid,  it  yields  oxalic,  but 
no  mucic  acid.  —  4.  It  is  carbonised  by  heating  with  oil  of  vitriol,  more 
slowly  with  fuming  hydrochloric  acid.  —  5.  By  boiling  for  several  hours 
with  dilute  sulphuric  acid,  it  is  converted  into  dextro-glucose.  The 
transformation  takes  place  much  more  slowly  than  the  inversion  of 
cane-sugar  by  acids ;  if  the  boiling  be  continued  after  it  is  complete 
(after  6  hours)  the  liquid  becomes  coloured.  —  6.  Trehalose  heated 
with  acetic,  butyric,  or  benzoic  add,  forms,  under  the  same  circumstances 
as  dextro-glucose,  saccharides,  which  are  undistinguishable  from  those 
formed  by  dextro-glucose  itself.  —  7.  In  contact  with  yeast,  it  slowly 
and  partially  undergoes  vinous  fermentation.  It  is  not  altered  at  100** 
by  potash-ley,  baryta-water  or  potassio-cupric  tartrate. 

Trehalose  is  very  soluble  in  water,  and  crystallises  from  the 
aqueous  solution  evaporated  to  a  syrup  only  after  standing  for  some 
time.  Prom  the  concentrated  solution  it  is  precipitated  by  ammoniacal 
sugar  of  lead.  It  is  nearly  insoluble  in  cold  alcohol,  but  dissolves 
easily  m  boiling  alcohol ;  insoluble  in  ether. 
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Myco8e. 

(?*H»0"  or  C*«BPKy*. 

WiOGERS  (1833).  Arm.  Pkarm.  1,  129  ;  Schtv.  64,  170. 
MiTSCHEBLiCH.  BerL  Akad,  Ber.   1857,  469 ;  J.  pr.  Chem,  73,  65 ; 

abstr.  Ann.  Pharm.  106,  15 ;  Chem,  Centr.  1858,  93  ;  N.  Ann.  Chim. 

Phys.  53,  232 ;  Chem.  Gaz.  1858,  123 ;  N.  Cimento^  7,  272  ;  Kopp'a 

Jakresher.  1857,  501. 

Brgoi-tuffor,  Muiterkomzueker, — Discovered  bj  Wiggen,  investigated  by  Mitscher- 
licb.  Liebig  &  Peloaze  {Ann.  Pharm.  19,  285)  regarded  mycose  as  identical  with 
mannite. — It  is  perhaps  identical  with  Berthelot's  trehalose  (p.  299).  The  mushroom - 
Wffar  {Sucre  det  Champignont,  Schwammzueker)^  discovered  by  Braconnot,  which, 
according  to  him,  is  found  in  Agaricus  piperaiuM  and  A,  vohaciut,  BoMua  juglandU, 
Peziza  nigra,  Meruliut  Caniharellug,  Phallut  impmdieut,  and  abundantly  in  Hydnum 
repandum  and  H.  hybridum,  is  fermentable,  crystellises  easily  in  four-sided  prisms,  and 
is  less  sweet  than  cane-sugar.  It  has  generally  been  regarded  as  mannite,  since  Liebig 
&  Pelouse  {Ann.  Pharm,  19,  288),  Knop  &  Schnedermann  {Ann.  Pharm,  49, 243),  and 
Bolley  {Ann,  Pharm.  86,  44)  demonstrated  the  general  diffusion  of  mannite  in  fun^. 
As,  however,  Braconnot  distinctly  states  tliat  his  mushroom -sugar  is  fermentable,  and, 
on  the  other  hand,  Mitscherlich  once  found  mannite  in  ergot  of  rye  (another  time  he 
found  neither  mannite  nor  mycose),  it  is  possible  that  a  peculiar  sugar  may  sometimes 
be  present  in  fungi.— On  the  other  hand,  Vauquelin's  sugar  from  Agaricut  iheogalui 
and  A.  eampettrit  {Ann.  Chim.  85,  5;  Sehw.  12,  253),  Schrader's  sugar  from  Hel- 
vella  mitra  {Schw.  33,  393),  and  Biltz'sytffi^rif«.nf^ar  {Pilz-zucher)  from  the  husk  of 
Lyeoperdon  eennnumf  which,  in  the  third  edition  of  this  Handbook,  was  regarded  as 
mushroom -sugar,  may  with  great  probability  be  regarded  as  identical  with  mannite. 
Braoonnot's  JMtfeoM-nier^  (^ftfU  Chim.  80,  273i)  from  Bole(u$p$eudo^igniariuB  don 
not  appear  to  be  a  distinct  substance  (Kr). 

Occurrence.  In  ergot  of  rye  (Wiggers).  Sometimes  crystallisea 
from  the  officinal  extract  (Kloboch,  N.  Br.  Arch.  75,  135 ;  80,  13). 

Preparation.  The  aqueous  extract  of  pulverised  ergot  of  rye  is  pre- 
cipitated with  basic  acetate  of  lead ;  the  excess  of  lead  is  removed  from 
the  filtrate  by  sulphuretted  hydrogen ;  the  filtered  liquid  is  evaporated 
to  a  syrup ;  and  the  crvstals  which  separate  after  a  while  are  purified 
by  washing  with  alcohol  and  recrystallisation  from  water  (Mitscherlich). 

2  kil.  yielded  2  gnn.  mycose. 

Properties.  Hydrated  mycose  forms  colourless  transparent  crystals  of 
the  right  prismatic  system,  which  separate  from  water  with  curved 
faces,  from  weak  alcohol  with  plane  highly  lustrous  faces.  The 
dominant  form  is  a  rhombic  prism  {Fig.  73)  of  llO"*  6'  having  its  acute 
lateral  edges  bevelled  by  a  rhombic  prism  which  would  form  an  angle  of 
lOS''  50'  at  the  truncated  edge ;  faces  t  and  m  subordinate.  The 
prism  is  bevelled  by  the  horizontal  prism  t ;  t :  t  above  =  160^  32'; 
faces  of  the  octahedron  and  the  horizontal  prism  tf  subordinate 
(Mitscherlich). 

Tastes  sweet.  Inodorous.  Neutral.  —  Dextro-rotatory  power  for 
C»H"0",2H0,  [a] J  =  173°  2'  (Mitscherlich).  Such  is  the  value  of  [«],  cal- 
culated  according  to  MitscherUch's  statement,  that  10*03  grms.  of  crystallised  mycose 
produce  a  deflection  of  84*75*  ;  from  Mitscherlich's  second  statement  (in  the  Memoir 
■bofe  referred  to),  that  mycose  deflects  f|l^  times  as  strongly  as  cane-sugar,  the  value 
of  [a]  should  be  192*5*,  therefore  nearly  as  great  as  for  trehalose  (p.  299). 


302  SACCHAROiDAL  SUBSTANCES  C"H«»0» 

Mycose  melts  at  100°  to  a  transparent  mass,  which  on  cooling 
solidifies  first  in  the  vitreous,  afterwards  in  the  crystalline  form. 
Heated  to  130°,  it  gives  off  9-62  p.  c.  water  (2  at.  =  9*53  p.  c),  and 
is  converted  into  anhydrous  mycose,  which  melts  at  210  without 
further  loss.    (MitscherUch.) 

Mitscherlich. 

12  C  72  ....  88-09  38-37 

13  H  13  ....   6-88  6-87 

13  O  104  ....  55-03  54-76 

*»i^^»— »—  ■  II  -■-..!  11  .  ■        ..  I         ■>■■  III 

C"H»0",2HO  189    ....  100-00    100-00 

For  Uebig  &  Pelooze'i  analysis,  see  Ann,  Pharm,  19,  285. 

Decompositions.  1.  Mycose  when  heated  above  200°  turns  brown 
and  gives  off  an  odour  of  caramel,  but,  if  then  treated  with  water,  crys- 
tallises partly  unaltered.  —  2.  At  higher  temperatures  and  in  contact 
with  the  air,  it  bums  and  leaves  a  spongy  charcoal.  —  3.  Kitric  acid  of 
sp.  gr.  1*52  dissolves  it  with  slight  evolution  of  heat,  forming  a  solu- 
tion from  which  water  precipitates  a  gummy  mass,  soluble  in  alcohol 
and  ether,  insoluble  in  wat^r,  melting  when  heated  and  detonating 
with  faint  appearance  of  fire.  (Mitscherlich.)  By  heating  with  ordi- 
nary nitric  acid,  it  is  converted  into  oxalic  acid.  (Wiggers,  Mitscher- 
lich.)—  4.  It  dissolves  without  decomposition  in  common  and  in 
fuming  oil  of  vitriol^  and  turns  brown  when  the  solution  is  heated.  — 
Dilute  sulphuric  acid  boiled  for  some  time  with  mycose  converts  it  into 
dextro-glucose.  —  6.  The  dark-blue  solution  produced  by  mixing  cupric 
sulphate  and  potash-ley  with  mycose,  deposits  mere  traces  of  cuproud 
oxide  or  none  at  all,  even  after  prolonged  boiling.  (Mitscherlich.) 
Neither  does  any  reduction  to  cuprous  oxide  take  place  on  boiling 
mycose  with  cupric  acetate.  (Neubauer,  N,  Bu  Arch,  72f  277 ; 
Kloboch.)  —  6.  According  to  Neubauer,  mycose  \^  fermentable. 

Mycose  dissolves  easily  in  water,  (Wiggers.)  A  solution  con- 
taining 5O4).  c.  mycose  does  not  crystallise  on  cooling.  (Mitscherlich. J 
—  It  is  not  altered  by  aqueous  alkalis  (Wiggers)  even  after  several 
hours'  boihng.  Not  precipitable  by  baryta-  or  lime-water  (Mitscherlich), 
by  metallic  salts^  or  infusion  ofgaUs,    (Wiggers.) 

It  dissolves  in  more  than  100  pts.  of  boiling  alcohol  and  ciystal- 
lises  on  cooling.    It  is  insoluble  in  ether.    (Mitscherlich.) 


Saccharotdal  Substances  C"H?*0". 

Indiglucin. 

QUglOOlt^ 

E.  ScHCNCK.    Phil.  Mag.  [4],  10,  73 ;  abstr.  J.  pr.  Chem.  66,  321 ;  Ckem. 
-  Centr.  185G,  60;    Koj)p's  Jahresber.  1858,  659.— PAi7.  Mag.  ("4], 
15,  183  5  abstr.  J.pr.  Chem.  74,  174 ;  Kopp's  Jahresber.  1858,  465. 

Formation.  Indican  decomposes,  when  heated  in  the  state  of 
aqueous  solution,  or  with  dilute  acids  or  aqueous  alkalis,  into  indiglucin 
and  other  products.  Similar  products  are  yielded  by  indicanin,  oxindi- 
canin  and  oxindicasin.     (See  Indican.) 


! 
i 

INDIGLUCIN.  803 

pj'eparation^  1.  Tincture  of  woad-leaves,  prepared  with  cold  alco- 
hol, is  evaporated  in  a  current  of  air ;  the  residue  is  mixed  with  cold, 
very  dilute  sulphuric  add,  and  the  fat  which  falls  to  the  bottom  is 
immediately  separated  by  filtration.  The  filtrate  serves  instead  of  the 
aqueous  solution  of  indican  mixed  with  acids.  The  decomposition, 
which  begins  in  the  cold,  is  kept  up  by  gentle  heating,  whereupon  the 
solution  becomes  turbid,  and  a  mixture  of  six  insoluble  substances 
separates  (see  Indican) ;  the  Hquid  is  then  filtered,  the  residue  washed 
with  cold  water,  and  decomposed  in  the  manner  described  under 
Indican.  The  filtrate,  freed  from  sulphuric  acid  by  carbonate  of  lead, 
and  from  lead  by  sulphuric  acid,  evaporated  to  a  syrup  in  a  stream  of 
air,  dissolved  in  alcohol,  and  mixed  with  a  large  quantity  of  ether, 
deposits  leucine  in  crystals,  and  indiglucin  as  a  syrup.  The  latter, 
after  the  removal  of  the  crystals,  is  dissolved  in  water,  the  solution 
mixed  with  acetate  of  lead,  the  scanty  precipitate  removed,  and  the 
yellow  lead-coApound  of  indiglucin  is  precipitated  from  the  filtrate  by 
aqueous  ammonia.  The  lead-salt  decomposed  by  hydrosulphuric 
acid  under  water,  treated  with  animal  charcoal  till  a  sample  gives  a 
white  precipitate  with  ammoQiacal  sugar  of  lead,  yields  a  solution 
from  which,  by  evaporation,  solution  of  the  residue  in  alcohol,  and 
addition  of  ether,  the  indiglucin  is  precipitated  in  the  fonn  of  a  syrup. 
2.  In  the  preparation  of  indicanin  from  indican,  by  mixing  the  latter 
with  baryta-water  and  leaving  it  at  rest,  then  removing  the  baryta, 
evaporating  the  filtrate  in  a  cuiTent  of  air,  dissolving  the  residue  in 
alcohol,  and  precipitating  by  ether,  indiglucin  is  separated  as  a  syrup. 
This  syrup  is  dissolved  in  alcohol,  mixed  with  excess  of  alcoholic 
sugar  of  lead,  the  brown  precipitate  removed,  and  the  solution  preci- 
pitated with  ammonia.  Ttie  lead-compound  of  indiglucin  is  purified 
and  decomposed  as  in  method  1. 

Colourless  or  light-yellow  syrup  having  a  slightly  sweet  taste. 

Decompositions.  1.  Swells  up  when  heated  and  gives  off  an  odour 
of  caramel. — 2.  With  boiling  nitric  acid^  it  forms  oxalic  acid. — 3.  With 
oil  ofvitrioly  it  becomes  carbonised.  — 4.  When  boiled  with  soda^let/,  it 
turns  yellow  and  separates  brown  flocks.  —  5.  Prom  an  alkaline  cupric 
solution  it  reduces  cuprous  oxide ;  from  an  aqueous  and  still  more  from 
an  ammoniaccd  solution  of  nitrate  of  silver,  it  reduces  metallic  silver ; 
similarly,  with  terchloride  of  gold.  —  6.  It  is  not  fermentable,  but  turns 
acid  by  prolonged  contact  with  yeast. 

'Aqueous  indiglucin  dissolves  hydrate  of  Ume,  and  the  solution  on 
boiling  deposits  copious  yellow  flakes  which  dissolve  on  cooling  and 
are  precipitated  by  alcohol.  —  Prom  a  mixture  of  indiglucin  with 
baryta-wateTj  alcohol  throws  down  yellow  flakes. 

Lead-compound.  Aqueous  indiglucin  is  precipitated  by  neutral  or 
basic  acetate  of  lead,  only  after  addition  of  ammonia. 

Schundc. 


12  C    

y  H  

11  o    

4  PbO    448 


a. 

6. 

mean. 

72 

....     11-67 

....     11*75     .... 

....    12-74 

9 

....       1-46 

1*70    .... 

....      1-64 

88 

....     14-26 

....      13*ov     .... 

....     15-85 

48 

....     72-61 

....     72-66    .... 

....     69-77 

C«H»PbO",3PbO   617      ...  10000    ....  10000    10000 
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b.  Prepared  with  baryta- water;  in  this  prodnct  the  composition  of  the  organic 
substance  after  dedaction  of  the  lead-oxide,  corresponds  to  the  formula  C^IIK)^^ 
(ScfauDck.) 

Indiglucin  dlBSolves  in  alcohol  and  is  precipitated  by  ether. 
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Th^nard  &  DuPUTTREN.    N.  OM.  2,  195.  * 

Cruikshank.     EoUo  ^'  On  Diabetes  melUiue"    Lond.  1797. 

Proust.  J.  Fhys.  63,  257;  69,  428.— ^nn.  Chm,  57,  131  and  225 
N.  GM.  2,  77. 

A.  VoGEL.    Schw.  5,  80  ;  GOb.  42,  123. 

KiRCHHOFF.    Schw,  14,  389. 

Saussure.     Ann.  Chim.  Phys.  11,  381;  Schw.  27,  304. 

Braconnot.     Ann.  Chim.  Phys.  12,  181 ;  Schw.  27,  337. 

DuBRUNFAUT  (1823).  Ann.  Chim.  Phys.  53,  73.  —  Compt.  rend.  23,  38 ; 
N.  Ann.  Chim.  Phys.  18,  ^^.— N.Ann.  Chim. Phys.  21,  169;  J.  pr. 
Chem.  42,  418;  abstr.  Pharm.  Cenir.  1847,  889.  —  N.  Ann.  Chim. 
Phys.  21,  178;  J.  pr.  Chem.  42,  425;  abstr.  Compt  rend.  25,  308; 
Pharm.  Cenir.  1848,  10.  —  Compt.  rend.  29,  51 ;  Pharm.  Centr.  1849, 
6^3.—  Co7npt.  rend.  32,  249;  Pharm.  Centr.  1851,  278;  Dingl.  121, 
299  (Estimation  of  Glucose).  —  Compt.  rend.  42,  228 ;  J.  pr.  Chem. 
68,  422  ;  Chem.  Centr.  1856,  233.  —  Compt.  rend.  42,  739.  —  Compt. 
rend.  42,  901 ;  J.  pr.  Chem.  69,  438. 

GufeiN-VARRT.     Ann.  Chim.  Phys.  60,  54. 

Peugot.  Ann.  Chim.  Phys.  67,  136  ;  J.  pr.  Chem.  15, 82 ;  JN.  Br.  Arch. 
15,  227.  Preliminary  notice,  Compt.  rend.  7,  106 ;  Ann.  Pharm. 
23,  169 ;  /.  pr.  Chem.  12,  425 ;  13,  378 ;  Inst.  1839,  237 ;  Berz. 
Jakresh.  18,  279. 

Ventzke.  J.  pr.  Chem.  25,  74. 

SoUBEiRAN.  N.  J.  Pharm.  1,  1 ;  J.  pr.  Chem.  27,  281.  —  N.  J.  Pharm. 
4,  347.  —  N.  J.  Pharm.  9,  327.  —  Compt.  rend.  28,  775 ;  in  detail, 
N.  J.  Pharm.  16,  252 ;  J.  pr.  Chem.  49.  65. 

Berthelot.  Combinations  with  Acids:  Compt.  rend.  41, 452;  J.pr.  Chem. 
67, 235 ;  in  detail :  JN.  Ann.  Chim.  Phys.  60, 95 ;  abstr.  Rep.  Chim.purej 
2,  427.  —  Combinations  with  Tartaric  and  Citric  acids :  Compt.  rend. 
45,  268 ;  N.  J.  Pharm.  33,  95 ;  J.  pr.  Chem.  73,  157 ;  Chetn.  Gaz. 
1857,  441 ;  in  detail :  N.  Ann.  Chim.  Phys.  54,  74.  —  Fermentation 
with  Chalk  and  Cheese :  Compt.  rend.  43,  238 ;  N.  S.  Pharm.  30, 
269 ;  J.  pr.  Chem.  69,  454 ;  Chem.  Centr.  1856,  749 ;  in  detail : 
N.  Ann.  Chim.  Phys.  50,  322.  —  Formation  from  Mannite  and  Gly- 
cerin :  Compt.  rend.  44,  1002 ;  N.  J.  Pharm.  31,  432 ;  J.  pr.  Chem. 
71,507;  in  detail:  N.  Ann.  Chim.  Phys.  50,  869. —  Chimie  organique 
fondee  sur  la  synthese,  Paris,  1860,  tom.  2. 

E.  Brucke.  Sugar  in  Urine  :  Wien.  Akad.  Ber.  28,  568;  /.  pr.  Chem. 
74,  108.—  Wim.  Akad.  Ber.  29,  346;  J.pr.  Chetn.  74,  115;  Chem. 
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Centr.  1858,  705  ;  Rep.  Chim.  pure,  1,  47.  —  Wten.  Mad,  Ber.  39, 
10;  Chem.  Centr.  1860,  231 ;  Rep.  Chim.  pure,  2,  219. 

BuiGNET.     N.  Ann.  Chim.  Phys.  61,  233. 

0.  Schmidt.    DisseHat.  iiber  TraubenzmJcerj  ^-c.     Gottingen,  1861. . 

Glucose,  Ordinary  Glucose;  Krumelzucker,  and  according  to  its  oilgij^;  Grape^ 
sugar,  Fruit-sugar,  Honey -sugar,  Starch-sugar,  Diabetic  sugar ,  Sugar  q/t  urine.  Chest* 
nut'Sttgar,  Rag-sugar,  some  of  which  names  are  also  used  to  denote  glucose  in  general. 
—  Recognised  as  a  distinct  substance  by  Lowitz  and  Proust;  first  prepared. frOm  starch 
by  KirchhofTy  from  linen  by  Braconnot.  Its  combinations  with  bases  have  been  inves- 
tigated chiefly  by  Peligot ;  those  with  organic  acids  by  Berthelot.  Our  knowledge  of 
glucose  has  been  further  extended  by  Dubrunfaut,  who  has  eliminated  much  that  does 
not  properly  belong  to  it,  and  more  exactly  characterised  its  properties. 

Sources.  Impressions  of  ferns  from  the  clay-slate  of  Petit-coeur,  in 
Savoy,  contain  a  sweet  substance,  which  smells  like  caramel  when 
burnt  on  charcoal,  and  perhaps  consists  of  glucose.  (Calloud,  Compt. 

rend.  33,  544.)  —  On  the  alleged  occurrence  of  sugar  or  dextrin  in  vegetable  mould, 
see  Verdeil  &  Risler. (Cotn^/.  rend,  35,  97,  and  Petzhold^s  counter-statement,  /.  pr. 
Chem.  60,  368.) 

In  the  Vegetable  Kingdom.  Abundantly  in  sweet  fruits,  frequently 
together  with  cane-sugar,  and  always  with  such  a  quantity  of  laevo- 
rotatory  fruit-sugar  that  the  mixture  may  be  regarded  as  inverse 
sugar  (t.  e.j  as  produced  by  the  decomposition  of  cane-sugar,  p.  254) 
(Buignet,  see  page  239^.  —  The  isolated  occurrence  of  dextro-glucose 
nas  been  observed  only  in  the  following  cases : 

A  thick  viscid  liquid  which,  in  the  summer  of  1842,  covered  the 
upper  surface  of  the  leaves  of  lime-trees,  and  at  certain  times  of  the 
day  fell  down  like  rain,  contained  cane-sugar  and  dextro-glucose. 
(Biot,  N.  Ann.  Chim.  Phys.  7,  337 ;  Langlois,  N.  Ann.  Chim.  Phys. 
7,  348.)  —  Dextro-glucose  is  contained  in  the  manna  of  the  ash-tree ; 
a  false  manna,  of  unknown  origin,  was  found  to  contain  a  pecuHar  sugar 
not  invertible  by  acids,  and  having  a  molecular  rotatory  power  equal 
to  f  of  that  of  cane-sugar ;  perhaps  maltose  (Biot,  Compt.  rend.  14,  49 ; 
J.  pr.  Chem.  27,  60).  Whether  the  sugar  occurring  in  many  other 
parts  of  plants  should  be  considered  as  dextro-glucose,  is  not  yet 
decided.  According  to  Buignet's  researches  (p.  240),  cane-sugar  and 
inverse-sugar  (which  may  be  regarded  as  a  pecuuar  substance,  at 
least  with  reference  to  its  origin),  appear  to  be  the  most  widely 
diffused,  and  the  imperfectly  investigated  granular  sugar  {Krumelzucker) 
of  many  chemists,  appears  to  be  inverse  sugar  formed  either  in  the 
plant,  or  duringthe  process  to  which  it  is  subjected  for  the  extraction 
of  the  sugar.  (Kr.^ 

In  Honey,  This  substance  contains  cane-sugar  (which  is  gradually  in. 
▼erted  hy  keeping);  inverse  sugar  and  an  excess  of  dextro-glucose 
(Dubrunfaut,  Compt.  rend,  29,  61) ;  comp.  Soubeiran  {N,  J,  Pharm,  16, 
252)  and  page  240  of  this  volume. 

In  the  Animal  hody^  In  many  animal  liquids  and  tissues ;  in  the  Jiver 
(Handbuch  viii,  Zoochem.  65),  in  the  amniotic  and  allantoic  liquids  {ibid, 
424)  in  the  blood  (ibid,  171  and  195),  in  the  chyle  (ibid.  221),  in  the  trans- 
sudates (iSnd.  241),  in  the  yolk  and  white  of  hens'  eggs  (ibid.  284  and 
285).— In  large  quantity,  to  the  amount  of  8  or  10  per  cent.,  in  diabetic 
urine  (t&Mf.  384),  in  small  quantity  also  in  the  urine  of  healthy  men 
(Briicke ;  Bence  Jones,  Chm,  Soc,  Qu.  J.  14,  22  ;  N,  Ann,  Chim.  Phys, 
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62,  244 ;  65,  125).  The  urine  of  a  fox  fed  exclusively  on  meat  contained 
glucose.  (Vintecbgau,  Wieti.  Akad,  Ber.  42,  623.)  Conjugated  com- 
pounds of  glucose  are  likewise  found  in  the  animal  body.  (a%e  GiueoMeB.) 

FoT^mation,  Of  deitro-glucose  and  fermeiitable  sogara  in  general  isomeric  there- 
with, in  80  far  as  they  cannot  with  certainty  be  referred  to  other  species.  -~  A.  By  the 

tra7isformation  of  Carbo-kt/draies  with  assumption  of  Water.  1.  Glucosan 
(C**H*°0^^;  vid.inf.)  IS  converted  into  dextro-glucose  by  boiling  with 
dilute  adds  (Gelis).  Assamar  prepared  by  heating  cane-sugar  (p.  249), 
dissolved  in  water  and  set  aside  for  \\  years  in  a  closed  vessel,  reco- 
vered the  sweet  taste  of  sugar,  still  more  in  two  years,  probably  from 
conversion  into  glucose  (Pohl,  J,  pr,  Cfhem.  82,  148).  Pohl's  assamar 
doubtless  contained  glucosan.    (Nickl^s,  N.  J,  Pharm,  39»  469.) 

2.  Dextrin  is  converted  into  dextro-glucose  by  boiling  with  dilute 
acids.  (Biot  &  Pcrsoz.)  Diastase  acts  in  hke  manner,  according  to 
Pay  en  &  Persoz,  and  Guerin-Varry ;  according  to  Musculus,  it  does  not. 
See  page  189t  also  on  the  intermediate  products  of  the  reaction,  tii^ia.  8.  Under 
the  same  circmnstanccs,  soluble  starch  (p.  102)  and  common  starch  are 
converted  into  dextro-glucose,  after  they  have  been  previously  con- 
verted wholly  or  partiaflv  into  dextrin,  or  other  intermediate  products. 
Dextro-glucose  is  also  formed  from  starch  by  continued  boiling  with 
water,  by  prolonged  contact  with  glutin,  saliva,  or  the  nitrogenous  and 
animal  mattera  mentioned  on  page  91,  and  from  sulphamidonic  acid  by 
heating  its  aqueous  solution  (p.  104). 

On  the  chan^  which  takes  place  in  the  conversion  of  starch  into 
dextro-glucose,  the  following  views  have  been  proposed. 

a.  According  to  Eirchhoff,  the  starch  is  directly  converted  into 
glucose.  —  b.  According  to  Biot  &  Persoz,  when  a  mixture  of  600  pts. 
starch,  120  pts.  oil  of  vitriol,  and  1,890  pts.  water  is  heated  to 
90°  —  95°  (under  the  drcumstanoes  mentioned  at  page  85),  or  till  a 
clear  solution  is  produced,  dextrin  is  formed,  which,  when  the  tem- 
perature has  risen  a  few  degrees,  is  converted,  with  sudden  diminution 
of  the  rotatory  power  of  the  solution,  into  a  peculiar  dextro-rotatory 
sugar,  and  by  continued  boUing,  into  dextro-glucose.  With  other 
proportions  of  water,  acid,  and  starch,  the  same  changes  take  place, 
but  more  or  less  quickly  and  at  other  temperatures.  The  first-formed 
sugar  is,  according  to  Dubrunfaut,  maltose.  The  dextrin  of  Biot  & 
Persoz,  appears  to  have  been  a  mixture  of  disorganised  with  soluble 
starch,  dextrin  and  dextro-glucose  (or  maltose),  since  it  had  a  greater 
rotatory  power  than  dextrin,  less  than  soluble  starch,  viz,  [a]y  =  175'7°, 
was  coloured  purple  by  iodine,  was  fermentable  (hence  the  atateuent  of  Biot  & 
Persoz,  p.  188,  requires  rectification),  and  when  kept  in  aqueous  solution  de- 
posited a  white  powder,  which  Jacquelain  {Ann.  Chim.  Phys.  73,  177) 
afterwards  regarded  as  identical  with  his  Granules  de  fecule.  The 
amount  of  sugar  was  previously  ascertained  by  Guirin-Vany  {Ann. 
Chim.  Phys.  56,  239  (Kr.). 

c.  According  to  Payen  &  Persoz,  who  distinguish  between  the 
integuments  of  the  starch-granules,  amounting  to  *  p.  c,  and  the  con- 
tents, amounting  to  99*5  p.  c.  (designating  the  latter  as  amidone)^ 
diastase  or  malt  heated  with  starch  and  water  causes  the  contents  of 
the  granules  to  separate  out,  part  of  the  substance  remaining  for  a  short 
time  in  the  liquid  without  alteration,  and  being  subsequently  converted 
into  dextrin  and  sugar,  the  diastase,  however,  not  being  able  to  pro* 
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duce  any  further  alteration  of  the  dextrin,  even  after  the  sugar  has 
been  removed.  The  amidone  of  Payen  &  Persoz  appears  to  be  identical 
with  disorganised  or  soluble  starch,  but  their  dextrin  is  difiFerent  from 
that  of  Biot  &  Persoz,  inasmuch  as  it  is  not  coloured  by  iodine  (Ann. 
Chim.  Phyg.  58,  78 ;  66,  337).  More  recently,  Payen  states  {Ann. 
Chim.  Phys,  60,  442)  that  starch  is  completely  converted  into  sugar  by 
diastase,  with  the  exception  of  the  integuments.  According  to  Mulder 
(Chemie  dea  Bieres,  170)  the  dextrin  produced  by  diastase  is  different 
from  that  which  results  from  the  action  of  acids,  as  appears  also  to 
follow  from  Gu^rin-Varry- s  statements  (Ann.  Chim.  Phys.  60,  82),  but 
both  diastase  and  acids  appear  to  produce  successively  the  dextrin 
which  is  coloiu'ed  purple-red  by  iodine  and  that  which  is  not  coloured. 
(Kr.) 

d.  According  to  Jaoquelain,  who  likewise  distinguishes  in  the 
starch-granule  an  envelope  and  a  granular  substance  contained 
therein,  the  first  effect  of  heating  starch  with  water  to  150°,  is  to 
separate  these  two  constituents,  the  envelopes  remaining  imdissolved. 
while  the  granular  contents,  Jacquelain's  Granules  de  fecule^  dissolve. 
[The  characteristic  property  of  the  granules  de  fecule  is,  that  they 
separate  out,  for  the  most  part,  when  the  aqueous  solution  is  left  to 
cool,  dissolve  sparingly  in  cold  water,  but  easily  in  water  at  70°,  are 
coloured  blue  by  iodine,  and  are  precipitated  from  their  aqueous  solu- 
tion by  alcohol  much  more  easily  than  dextrin.  They  aiH)ear  therefore 
to  be  identical  with  Bechamp's  disorganised  starch  (p.  102)' .  The  granules 
de  fecule^  when  further  heated  with  6  pts.  water  to  160°  are  con- 
verted in  J  hour  into  a-dextrin  (which  is  coloured  purple  by  iodine,  and 
is  more  easily  precipitated  by  alcohol  than  /9-dextrin),  in  1 J  hour  into 
^-dextrin  (not  coloured  by  iodine),  and  by  still  further  heating,  into 
sugar.  At  higher  temperatures,  the  same  products  are  formed,  but  are 
more  quickly  converted  into  the  last-mentioned  compound.  When  starch 
is  heated  with  an  equal  weight  of  water  and  from  Y^nr  o  ^^  nmr  ^^  oxalic 
acid,  or  oil  of  vitriol,  to  130°,  the  mass,  after  20  minutes,  contains 
a-dextrin,  after  an  hour,  ^-dextrin,  and  after  2  hours,  sugar.  ( Jacquelain, 
Ann.  Chim.  Phys.  73,  167.)  The  sugar  formed  in  this  reaction  possesses, 
according  to  Biot  (Campt.  rend.  15,  619  and  710 ;  42,  351)  a  mole- 
cular rotatory  power  different  from  that  of  dextro-glucose,  viz.  [a] j  = 
100*6°  to  the  right,  because,  according  to  Dubrunfaut,  it  is  a  mixture 
of  maltose  and  dextro-glucose  (see  Maiiose). 

e.  According  to  Neubauer,  dilute  acids  produce  first  Schulze's 
amydulin,  from  this  a-dextrin,  which  is  coloured  purple-red  by  iodine, 
then  /3-dextrin,  not  coloured  by  iodme,  and,  finally,  after  veiy  long 
{^oiling,  a  solution  containing  nothing  but  glucose. 

/.  According  to  B^champ,  the  formation  of  sugar  from  starch  by  dilute 
adds,  is  preceded — just  as  when  diastase  is  the  acting  substance,— 
hj  the  formation  of  three  different  products,  whilst  a  fourth  appears 
either  before  the  sugar,  or  simultan  eously  with  it.  These  products, 
some  of  which  may  be  isolated  by  the  use  of  aqueous  alkalis  or  of  con- 
centrated acids,  are  as  follows:  a.  Disorganised  starchy  occurring  in 
three  forms,  in  one  of  which  it  constitute  s  Jacquelain's  granules  de  fecule^ 
in  another  Saussure's  Ligneux  amyiace ; — p.  Soluble  starch  (p.  102) 
which  is  coloured  blue  by  iodine,  dissolves  in  cold  and  in  hot  water  ana 
does  not  separate  from  the  latter  solution  on  cooling;  — 7.  Dextrin^ 
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which  is  not  coloured  blue  (but  purple-red?  Kr.)  by  iodine;  — 
S.  A  variety  of  dextrin,  B^champ'B  AmyUn^  which  is  formed,  either 
together  with  or  before  the  sugar,  often  remains  mixed  with  it,  and  has 
a  dextro-rotatory  power  [a]  ;  =  125°.  (Bechamp,  N,  Ann.  Chim,  Phys, 
48,  458).  The  presence  of  Bechamp's  AmyUn  (or  Jacquelain's 
/^-dextrin)  appears  also  to  explain  the  observation  made  by  Anthon 
{Dingl.  151,  213 ;  Chem.  Centr.  1859,  291),  that,  by  boiling  starch  with 
water  and  2  p.  c.  oil  of  vitriol  for  5 — 7  hours,  a  solution  is  obtained 
which  is  not  coloured  by  iodine  or  precipitated  by  alcohol,  but  does  not 
yield  any  crystals  by  evaporation,  and  ferments  only  to  the  amount  of 
f  to  J  of  its  entire  quantity. 

g.  According  to  Musculus,  dilute  adds  and  diastase  decompose 
starch  into  2  at.  dextrin  and  1  at.  dextro-glucose,  the  former  being 
afterwards  but  slowly  altered  by  dilute  acids,  and  not  at  all  by  diastase. 
This  does  not  agree  with  Gu^riri-Varry's  experiments  (pp.  90  and  91), 
in  which  the  quantity  of  sugar  obtained  was  much  larger  than  that 
which  corresponds  to  the  equation  given  by  Musculus.  Neubauer 
(N.  Br,  Arch,  72,  285),  appears  to  have  converted  starch  completely 
into  sugar  by  the  action  of  diastase ;  the  quantity  of  product  obtained 
in  the  brandy-distillery,  shows  that  the  sugar  produced  by  the  action 
of  malt  upon  starch  amounts  to  between  75  and  80  p.  c.  of  the  weight 
of  the  starch;  and,  finally,  Gu6rin-Varry  states  distinctly  (p.  188)  that 
he  converted  dextrin  into  sugar  by  the  action  of  diastase,  not  how- 
ever till  the  sugar  first  formed  was  removed.  From  this,  as  weU  from 
experiments  of  my  own,  the  Tiew  proposed  by  Musculus  appears  to  me  to  be  unten- 
able (Kr.). 

Lastly,  there  are  certain  observations  by  Gentele  {Dingl,  158,  427  ; 
Chem,  Centr,  1861,  91),  which  indicate  the  formation  of  another  inter- 
mediate product :  When  starch  is  boiled  with  dilute  acids  till  the  mix- 
ture remains  clear  on  cooling,  the  presence  of  glucose  in  it  is  shown  by 
potassio-cupric  tartrate,  but  not  by  red  prussiate  of  potash  mixed  with 
caustic  potash,  which  reagent  is  nevertheless  decolorised  by  glucose. 

In  the  spontaneous  decomposition  of  starch-paste,  there  is  obtained, 
amongst  other  products,  a  sugar,  which,  according  to  Saussure, 
resembles  grape-sugar,  and  according  to  Dubrunfaut,  is  maltose. 
When  a  paste  prepared  with  1  pt.  starch  and  12  pts.  water  is  exposed 
to  the  air  for  two  years  in  a  shallow  vessel,  and  the  mass  is  then 
exhausted  with  cold  water,  undecomposed  starch,  woody  starch 
(Saussure's  Ugneux  amylace)  and  a  small  quantity  of  resin  remain  un- 
dissolved, while  amidin,  starch-gum,  and  sugar  pass  into  the  solution. 
On  evaporating  the  filtrate,  dissolving  the  residue  in  1  pt.  of  water, 
adding  10  pts.  alcohol,  evaporating  again,  and  separating  the  remainder 
of  the  matter  insoluble  in  alcohol,  an  alcoholic  solution  is  obtained  from 
which,  after  evaporation,  the  sugar  crystallises.  If  the  spontaneous 
decomposition  of  the  starch-paste  continues  only  a  few  weeks,  sugar  is 
likewise  formed,  but  of  the  uncry stallisable  kind ;  if  the  decomposition 
has  proceeded  too  far,  the  crystallisable  sugar  also  disappears.  This 
ci-ystallisable  sugar  dissolves  in  8  pts.  alcohol  of  35°  Bm.  at  25°,  and 
in  17  to  20  pts.  of  boiling  absolute  alcohol  (Saussure,  Ann.  CMm.  Phys. 
11,  379). 

4.  Glycogen  is  converted  into  dextro-glucose  under  the  same  cir- 
cumstances as  starch  (p.  184).  —  5.  In  like  manner,  lichenin  (p.  121) 
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and  paramylone  (p.  122)  are  converted  into  glucose  by  boiling  with 

acids.     The  rotatory  power  of  the  sugar  has  not  been  ascertained  in  either  case. 

6.  Cellulose  treated  with  oil  of  vitriol  (p.  136),  concentrated  hydro- 
chloric acid  (p.  139),  or  a  concentrated  aqueous  solution  of  chloride  of 
zhic  (p.  140),  yields  products  which  are  converted  into  glucose  when 
their  aqueous  solution  is  boiled  with  water.  —  Glucose  is  likewise  prodaced 
in  the  decomposition  of  lignosulphate  of  lead  (p.  165),  and  by  the  action  of  alkalis  on 
pyroxylin  (p.  178).  But  it  is  doubtful  also  whether  this  sugar  should  be  regarded  as 
dextro -glucose.  According  to  B^hamp  (iV.  Ann,  CMm.  Phyt,  48,  502),  it  yields,  when 
treated  with  alcoholi  twO  sorts  of  crystals,  one  sort  having  the  hardness  of  cane-sugar, 
the  others  resembling  dextro-glucose. 

The  skin  of  the  silk-worm  and  that  which  remains  in  the  cocoons 
when  the  butterflies  escape,  are  capable  of  yielding  a  substance  isomeric 
with  cellulose,  which  may  be  converted  into  glucose.  When  the  cater- 
pillars are  boiled  for  several  hours  with  strong  hydrochloric  acid,  and 
this  treatment  is  repeated  three  times  with  the  residue,  and  this  residue 
is  washed  with  strong  potash-ley,  then  with  water,  and  dried  between 
100°  and  110°,  a  white  light  substance  nearly  free  from  nitrogen  is 
obtained,  which  graduaUy  diffuses  in  oil  of  vitriol,  forming  a  colourless 
gummy  liquid.  This  solution  added  by  small  quantities  to  boiling 
water  and  boiled  for  an  hour  or  two,  yields  fermentable  sugar  which 
reacts,  Uke  glucose,  with  common  salt  and  potassio-cupric  tartrate  (De 
Luca,  Compt.  rend.  53,  102). 

7.  Tunicin  (p.  182)  is  decomposed  by  oil  of  vitriol,  under  the  same 
circumstances  as  cclliuose,  into  dextro-glucose  and  a  second  substance. 

(On  the  decomposition  of  Chitin,  see  GlueoHdet.) 

8.  Maltose  (p.  839),  melezitose  (p.  299),  trehalose  (p.  800)  and  mycose 
(p.  301)  are  completely  convertea  into  dextro-glucose  by  boiling  with 
dilute  acids. 

B.  Another  class  of  compounds  yield  by  their  decomposition,  dextro- 
glucose  and  another  product.  This  latter  body  is  either  isomeric  with 
glucose:  thus  melitose  (p.  297)  is  resolved,  by  dilute  acids,  yeast, 
and  other  bodies,  into  dextro-glucose  and  eucalin,— -cane-sugar  (p.  254), 

into  dextro-glucose  and  lasvo-glucose  (as  to  starch,  dextrin*  and  tunicin,  it  is 
doubtful  whether  they  belong  to  this  or  to  the  former  class) ;  or,  it  belongs  tO  the 

class  of  non-saccharine  bodies,  in  which  case  the  compound  which 
yields  this  second  product  and  dextro-glucose,  belongs  to  the  class 
of  Glucosides, 

To  the  Qlueo9ide9j  Glueotamidei,  or  Saccharogens  belong,  according  to  Laurent's 
classification  {N,  Ann,  Chim,  Phys.  36,  330),  all  substances  which,  when  decomposed 
by  dilute  acids,  yield,  on  the  one  hand,  dextro-glucose  or  another  saccharine  substance, 
on  the  other,  a  product  differing  in  character  according  to  circumstances,  but  not 
belonging  to  the  carbo-hydrates.  Generally  speaking  only  the  naturally  occurring  com- 
pounds of  this  kind,  the  Bitter  principles,  are  designated  by  this  name.  Berthelot's 
Saccharides  (p.  317)  include,  besides  these,  the  artificially  prepared  compounds  of  the 
carbo-hydrates  (with  acids),  and  are  divided,  according  as  they  yield  by  their  decompo-* 
sition,  dextro-glucose,  Isevo-glucose,  lactose,  or  other  bodies  of  like  nature,  into 
glucosides,  levulosides,  gallactosides,  &c.  But  since,  in  many  cases,  decisive  experi- 
ments on  the  nature  of  t^e  saccharine  substance  obtained  are  wanting,  Bertlielot's  clas- 
sification cannot  be  completely  carried  out,  and  we  shall  therefore  adhere  to  Laurent's. 
(Kr.)    See  the  Conspectus  qf  the  Glucosides,  in  the  Appendix  to  the  Carbo-hydrates, 

C.  In  the  decomposition  of  dulcite  (C"H"0'*)  by  nitric  acid,  tliere 
is  formed,  amongst  other  products,  a  sugar,  0"H*"0*',  which  reacts 
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with  alkalis,  potaBsio*cupric  tartrate,  basic  nitrate  of  bismnth,  and 
indigo,  in  the  same  manner  as  dextro-glucose.    (Garlet,  Compt.  rendm 

61,  137.)  —  Respecting  Qorup-Besanez'  Mannitose,  a  sugar  different  from  deztro- 
glucosfl  produced  by  the  oxidation  of  m«nnite  <C"H^^O")  under  th«  inflnenoe  of  pla- 
tinum-black, see  Mannit*. 

D.  From  Oxalate  of  Ethyl,  —  When  this  compound  is  brought  in 

contact  with  sodium-amalgam  at  low  temperatures,  and  the  product  is 

agitated  with  ether,  a  solution  is  obtained  from  which  a  greasy  mass 

separates  on  addition  of  water.    This  mass  is  a  mixture  of  oxalate 

of  soda,  another  soda-salt,  and  fermentable  sugar.    (Ldwig,  /•  pr. 

Chem,  83,  133.)  Whether  this  tugar  should  be  regarded  as  dextro-glucose  is  at 
present  undecided.    (Kr.) 

E.  From  Mannite  or  Olycerin, — When  a  moderately  concentrated 
aqueous  solution  of  mannite,  dulcite^  or  glycerin  is  left  for  some  time 
in  contact  with  the  testicles  of  man,  or  of  the  horse,  dog,  or  cock,  a 
peculiar  fermentable  sugar  is  produced,  the  formation  of  which  likewise 
takes  place  in  certain  cases,  when  instead  of  the  testicle,  albumin, 
casein,  fibrin,  gelatin,  or  the  tissue  of  the  kidneys  or  pancreas  is 
employed*     (Berthelot,  N,  Ann.  Chim,  Phys,  50,  369.) 

When  to  a  solution  of  mannite  or  glycerin  in  10  pts.  water,  there 
is  added  such  a  quantity  of  comminuted  testicle,  that  its  dried  substance 
amounts  to  -^  of  the  mannite,  and  the  mixture,  contained  in  an  open 
flask,  is  exposed  to  diffused  daylight  between  10**  and  20°,  the  hquid, 
after  an  interval  varying  from  a  week  to  3  months,  is  found  to  contain 

(without  the  occurrence  of  putrefaction,  which,  indeed,  is  incompatible  with  the  success 

of  the  experiment)  a  substance  which  reduces  cupric  tartrate.  The  tes- 
ticular tissue,  if  separated  at  this  time  from  the  liquid  by  decantation 
and  thorough  washing,  then  again  introduced,  under  similar  circum- 
stances,  into  a  solution  of  mannite  or  glycerin,  produces  therein,  in 
the  course  of  a  few  weeks,  a  considerable  quantity  of  sugar.  This 
sugar  is  formed,  sometimes  in  extremely  small,  sometimes  in  larger 
quantity,  amounting  to  -^  of  the  mannite  or  glycerin,  and  is  partly 
further  altered  during  the  operation.  It  is  not  formed  by  the  sub- 
stance of  the  testicle,  inasmuch  as  this  substance  is  recovered,  for  the 
most  part,  unaltered,  and  gives  up  to  the  liquid,  chiefly  salts  and  aJbu- 
minoTdal  substances,  amounting  to  less  than  the  weight  of  the  sugar. 
— The  sugar  is  probably  laBvo-rotatory.  It  is  deliquescent,  uncrystallis- 
able,  and  cannot  be  separated  from  the  glycerin.  It  is  apt  to  alter  during 
the  evaporation  of  its  solution,  is  turned  brown  by  alkalis,  easily  fer** 
mented  by  yeast,  and  reduces  potassio-cupric  tartrate.  It  is  very 
soluble  in  water,  alcohol,  and  glycerin,  and  slightly  precipitable  by 
ammoniacal  sugar  of  lead.  (Berthelot.)  On  the  formation  of  sugar  in  the 
muscles  and  lungs  of  the  foetal  oalf,  see  ffandbuch,  yiil,  Zoochem,  489. 

Pectin,  pectic  acid,  and  pectous  acid  are  converted  into  sugar,  according  to  Chodnew, 
by  boiling  with  dilute  acids,  a  statement  which  is  oontradicted  by  Fremy.  Apiin> 
according  to  Braconnot»  exhibits  a  similar  reaction;  according  to  Ptanta  &  Wallace,  it 
does  not.  Bassorin  (p.  208)  and  vegetable  mucilage  (p.  211),  treated  in  like  manner, 
yield  a  sugar,  which  eannot  with  certainty  be  reckoned  as  belonging  to  this  place.  •«- The 
following  substances  were  formerly  erroneously  regarded  as  dextro-glucose  i — The  inverse 
sugar  produced  by  inversion  of  cane-sugar  (p.  254), — ^the  Isevo-rotatory  fruit-sugar 
produced  from  inulin, — ^lactose  (p.  227)t — ^the  sugar,  probably  identical  with  lactose, 
produced  from  arable  acid, — and  maltose.  The  observations  of  Biot  {Compt.  rend, 
lb,  619;  15,  710  ;  42»  351),  who  found  that  the  sugar  which  Jacquelain  obuined  by 
betting  starch  with  ostalie  acid  (pp.  87|  307),  also  the  sugar  examined  by  Peligot,  and  the 
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dextro-gluoose  of  the  manufactories,  exhibited  different  degrees  of  dextro-rotatory  power 
(vi2,  lajj  =s  100*6*,  61*5**,  and  51*4°),  muit  for  the  present  remain  nnexplained,  so 
far  at  least  as  the  two  latter  products  are  concerned. 

Preparatton.  1.  Fram  the  Juice  of  various  kind  of  fruity  especially 
of  Ch-apes,  The  juice  is  boiled  and  skimmed ;  the  free  acid  is  neutral- 
ised with  chalk  or  marble ;  and  the  liquid  is  concentrated  to  one-half, 
clarified  by  deposition  and  decantation,  or  further  with  white  of  Qg^^ 
and  evaporated  to  a  syrup,  not  too  thick.  From  this  the  grape-sugar 
separates  after  some  weeks,  and  is  purified  by  repeated  solution  in 
water  and  crystallisation, 

2.  From  H(mey^  White  granular  honey  is  diffused  in  \  pt.  of  cold  stiong 
alcohol,  which  dissolves  the  more  soluble  IsBvo-glucose  and  leaves  the 
dextro-giuGOse  for  the  most  part  undissolved ;  the  solution  is  separated 
from  the  sediment  after  a  few  hours ;  the  sediment  strongly  pressed ; 
the  I'esidue  again  triturated  with  V^rpt.  alcohol;  again  pressed;  and  the 
undissolved  portion  is  purified  by  solution  in  water  and  crystedlisation. 
(Braconnot,  Bull.  Pharm.  3,  860.)  A  similar  process  is  followed  by 
Proust,  also  by  Cavezzalli  {Scher.  J,  7,  714),  and  Trommsdorff  {N,  Tr, 
9,  1,  287).  —  2.  Siegle  spreads  granular  honey  on  dry  porous  bricks, 
whereby  the  liquid  portion  is  absorbed,  leaving,  after  a  few  days,  a 
granuUur  residue,  which  is  recrystallised  from  warm  alcohol  with  help 

of  animal  charcoal.  (J.  pr.  Chem,  69,  148.)  The  dextro-glucose  obtained 
by  either  of  these  processes  must  be  contaminated  with  cane>8Ugar,  if  the  honey  con- 
tained that  substance.    (Kr.)     See  also  Clerget  {N,  /.  Pharm,  16,  252). 

8.  From  Starch  hy  the  action  of  dilute  Sulphuric  acid.  —  1  pt.  of 
starch  is  boiled  with  4  pts.  water  and  a  quantity  of  oil  of  vitriol, 
weighing  from  ^^  to  ^  as  much  as  the  starch,  the  hquid  being 
stirred  and  the  water  continually  renewed  till  the  liquid  is  no  longer 
precipitated  by  alcohol.  To  bring  it  to  this  state,  the  boiling  must  be 
continued  for  a  longer  time  in  proportion  as  less  sulphuric  acid  has  been 
used;  with  the  above  jwroportions,  from  6  to  36  hours'  boiling  is 
required.  The  dextro-glucose  then  contained  in  the  solution  is  sepa- 
rated and  purified  in  the  same  manner  as  that  from  grape-juice. 
(Kirchhoff.)  In  preparing  starch-sugar  on  the  large  scale,  the  ebul- 
Ution  is  produced  by  passing  over-heated  steam  into  the  mixture  con- 
tained in  closed  casKs.  —  When  starch  is  boiled  with  water  and  2  p.  c. 
oil  of  vitriol,  the  liquid  being  evaporated  after  5  or  7  hours,  at  which 
time  it  is  no  longer  precipitated  by  alcohol,  an  uncrystallisable  syrup 
is  obtained.  It  is  only  after  longer  boiling  that  the  whole  of  the  dis- 
solved matter  is  converted  into  dextro-glucose,  part  of  which  moreover 
undergoes  further  alteration,  so  that  the  liquid  does  not  easily  yield 
crystals  by  evaporation.  (Anthon,  Dingl.  151,  213.)  After  the  sul- 
phuric add  has  been  neutralised  with  chalk,  a  small  quantity  of  acetic 
acid  must  be  added  before  boiUng  the  liquid,  since  an  excess  of  lime 
leads  to  the  formation  of  bitter  products  of  decomposition  {Polyt.  Centr, 

1854,  252);  see  also  Payen  (R^er/.  77*286).  Respecting  the  amount  of  product 
thus  obtained,  see  page  85  of  this  yolume. 

4.  FSrom  Starch  hy  the  action  of  Olutin^  Mcdiy  or  IHaetaee.  —  The  pro- 
duct thus  obtained  is  perhaps  not  dextro-glucoser  but  maltose  (p.  3S8)  —  2  parts 

of  starch  well  mixed  by  stirring  with  4  pts.  of  cold  water  are  diffused 
in  20  pts.  of  boiUng  water,  and  the  paste  thus  formed  is  digested  for 
eight  hours  at  50''— 70*  wiUi  1  pt.  of  dried  and  pulverised  wheat- 
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glutin.  From  the  eyrnp  obtained  by  evaporation,  alcohol  extracts  the 
sugar,  leaving  the  starch,  which  is  still  but  slightly  altered,  and  the 
solution  yields  the  sugar  by  evaporation. 

100  pts.  of  starch  is  suspended  in  400  pts.  of  cold  water ;  the  mix- 
ture is  poured  into  2,000  pts.  of  boiling  water,  and  after  the  whole  has 
cooled  to  65°,  2  pts.  of  diastase  dissolved  in  20  pts.  of  cold  water  are 
added.  The  mass,  which  in  a  few  minutes  becomes  perfectly  fluid,  is 
kept  for  2^  hours  at  a  temperature  between  60°  and  65°,  evaporated 
as  quickly  as  possible  at  60°,  or  better  in  vacuo,  to  34°  Bm.,  and  left 
to  itself  for  some  days  in  shallow  vessels.  By  treating  the  syrup, 
which  is  sometimes  crystalline,  with  alcohol  of  95  per  cent,  at  a  tem- 
perature of  75°,  cooling  the  solution  out  of  contact  of  air,  filtering, 
reducing  the  filtrate  to  a  syrup  by  distillation  and  concentration, 
and  leaving  the  syrup  to  itself  in  vacuo,  crystals  are  obtained  which 
may  be  purified  by  pressure,  renewed  treatment  with  alcohol,  and 
recrystallisation  from  4  pts.  water  at  65°,  with  help  of  animal  char- 
coal. (Gu^rin-Yariy.)  The  diastase  may  be  economically  replaced  by 
18  times  the  quantity  of  malt.    (Gu^rin-Varry.) 

5.  From  Linen,  —  See  page  308.  To  12  pts.  of  linen  (purified  as  com- 
pletely as  possibly  by  treatment  first  with  potash-ley,  then  with  water, 
and  (fried :  Vogef) :  17  pts.  oil  of  vitriol  are  very  slowly  added,  so  that 
no  heating  may  take  place ;  the  mass  is  kneaded  together,  left  to  itself 
for  24  hours,  then  dissolved  in  a  very  lai*ge  quantity  of  water ;  the 
solution  is  boiled  for  10  hours ;  the  acid  is  saturated  with  carbonate  of 
lime ;  the  liquid  is  filtered  and  evaporated ;  and  the  glucose  which 
separates  after  some  days  is  purified  by  recrystallisation.  (Braconnot.) 
Vogcl  uses  sulphuric  acid  of  sp.  gr.  1*8  (which  blackens  the  linen  less 
than  strong  oil  of  vitriol)  and  leaves  the  mass  to  itself  for  two  days. 

6.  From  the  urine  of  diabetic  patients.  —  The  crystals  obtained  by 
evaporating  the  urine  are  pressed  (after  being  separated  from  the 
chloride-of- sodium  compoimd  of  glucose^  and  purified  by  crystaUisation 
from  boiling  alcohol  (Chevreul),  or  by  aigestion  with  cold  alcohol  and 
subsequent  recrystallisation.  (Prout.)  Addition  of  ether  to  the* 
alcoholic  solution  favours  the  crystallisation.  (Peligot,  Hunefeld.)— 
The  urine  is  evaporated  to  a  syrup  on  the  water-bath ;  the  residue 
exhausted  with  alcohol ;  the  tincture  precipitated  with  basic  acetate  of 
lead ;  the  lead  separated  from  the  filtrate  by  sulphm*etted  hydrogen ; 
and  the  clear  liquid  evaporated  to  a  syrup  and  allowed  to  stand  till  it 
deposits  ciystals.  (Hunefeld,  J,  pr.  Chem.  8,  660.) — Frequently 
nothing  but  crystals  of  the  chloride-of -sodium  compouna  of  glucose  are 
obtained  on  evaporating  diabetic  urine.  (Lehmann,  Handbuch^  viii, 
Zoochem.  568.) 

Directions  for  the  detection  of  Sugar  in  the  vrine,  —  200  cc.  urine  aro 
mixed  with  800  cc.  alcohol,  allowed  to  settle,  and  then  filtered; 
alcohoUc  potash  is  added  drop  by  drop  to  the  perfectly  clear  liquid, 
until  it  has  acquired  a  slightly  alkaline  reaction ;  and  the  mixture 
is  left  for  24  hours  in  the  cold.  On  carefuUy  decanting  the 
liquid  and  draining  it  off  as  completely  as  possible,  the  sides  of  the 
vessel,  when  allowed  to  dry  by  spontaneous  evaporation,  are  found  to 
be  covered  with  crystalline  a-usts  of  the  potash -com]^x)und  of  glucose. 
This  is  dissolved  in  a  small  quantity  of  water,  and  the  glucose  recog- 
nised by  its  browning  with  potash-ley,  by  the  copper-test,  or  by  its 
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reaction  with  basic  nitrate  of  bismuth.  (E.  Briicke,  Wim,  Akad,  Ber, 
29,  346  ;  J.pr,  Chem,  74,  115.) — By  precipitating  the  urine,  first  with 
Bugar  of  lead,  then  with  basic  acetate  of  lead,  and  lastly  with  ammonia- 
cal  acetate  of  lead,  precipitates  are  obtained,  of  which  the  last  two 
contain  sugar,  although  basic  acetate  of  lead  does  not  throw  down  any 
sugar  from  a  pure  solution  of  grape-sugar.  By  pressing  each  of  these 
two  precipitates,  dividing  them  finely,  and  decomposing  them  with 
cold  aqueous  oxalic  acid>  filtering,  neutraHsing  the  filtrate  with  car- 
bonate of  soda,  acidulating  with  acetic  acid,  concentrating  the  liquid 
by  evaporation,  and  precipitating  the  oxalate  of  soda  by  alcohol,  a 
solution  is  obtained  from  which  glucose  can  be  precipitated  as  above 
by  alcohohc  potash,  and  recognised  in  the  same  way.  Carbonate  of 
lime  may  also  be  used  instead  of  carbonate  of  soda.  (Briicke,  Wicn. 
Akad.  Ber.  39,  10 ;  Chem.  Centr.  1860,  231.) 

Estimation  of  Glucose.  —  Barreswil's  method  {Arch.  d*anatom.  1846, 
60 ;  J.  Pharm.  6,  361 ;  Berz.  Jahresher.  25,  556).  A  known  measure  of 
potassio-tartrate  of  copper  'mixed  with  potash-ley  is  heated  to  boiling 
in  a  capsule,  and  the  liquid  containing  sugar  is  diopped  in  imtil  the 
copper-solution  has  become  colourless  by  the  separation  of  red  dioxide 
of  copper.  The  quantity  of  glucose  required  to  reduce  the  quantity  of 
copper-solution  employed  must  be  ascertained  by  a  preliminary  experi- 
ment. Barreswil  prepares  the  copper-solution  by  dissolving  400  grm. 
carbonate  of  soda,  500  grm.  cream  of  tartar,  300  grm.  sulphate  of 
copper,  and  400  grm.  hydrate  of  potash  in  half  a  litre  of  water.  — 
Fehling  (ilnn.  PAann.  72,  106. — 106,  75)  adds  to  a  solution  of  160 
grm.  neutral  tartrate  of  potash  (or  better,  192  grm.  tartrate  of  potash 
and  soda)  in  a  small  quantity  of  water,  600  or  700  cc.  soda-ley  of 
sp.  gr.  1-12,  then  a  solution  of  40  grm.  crystallised  sulphate  of  copper 
in  about  160  cc.  water,  and  dilutes  the  mixture  until  it  measures 
1154'4  cc.  at  15°.  —  Five  milligrammes  (0*005  grm.)  of  dry  glucose  can 
reduce  1  cc.  of  this  solution.  It  must  be  kept  in  well  closed  vessels,  to 
protect  it  from  carbonic  acid  and  air ;  the  solution  ought  not  to  give 
any  precipitate  of  dioxide  of  copper  when  boiled  by  itself.  The  sugar- 
solution  to  be  tested  is  best  employed  free  from  acid.    See  also  Kenting 

{Ann.  Pharm.  70,  251),  H.  Schwarz  {Ann.  Pharm.  70,  54),  Roser  {Ann.  Pharm, 
74 f  180),  Donaldson  (/.  Chim.  mid.  27,  641 ;  Lieb.  Kopp.  Jahregber.  1851,  647), 
Mulder  {Lieb.  Kopp.  Jahretber.  1850,  614),  Neubaner  {N.  Br.  Arch.  72,  276), 
Werther  (/.  pr.  Chem.  74,  373).  L5wenthal  (/.  pr.  Chem.  11,  336),  Schiff  (Ann. 
Pharm.  104,  330.  — 112, 368),  Bracke  {Chem.  Cenir.  1858, 705.  — )  860, 231),  Baignet 
{N.  A  nn.  Chim.  Phya.  61,  240),  and  the  authorities  qaoted  under  milk-sugar  (p.  223). 

When  a  solution  contains  no  optically  active  substance  besides  glu- 
cose, or  only  cane-sugar  in  addition,  the  quantity  of  dextro-glucose 
present  may  be  deduced  from  its  rotatory  power  according  to  p.  246. 
Or,  as  in  the  case  of  cane-sugar  (p.  243),  the  quantity  of  carbonia 
acid  formed  by  fermentation  is  determined.  On  the  determination  of  sugar 
in  diabetic  urine  by  fermentation,  see  also  Wicke  {Ann.  Pharm.  96,  87  and  100) ;  by 
the  optical  test,  Biot  (Compt.  rend.  15.  633),  Lespian  {Compt.  rend.  26,  305),  Robiquet 
{Compt.  rend.  43,  920),  Listing  {Ann,  Pharm.  96,  93  and  100),  also  Handbuch  viii, 
Zoochem.  380;  by  the  depth  of  coloration  produced  on  boiling  the  urine  with  potash* 
ley,  Garrod  {Pharm.  J.  Trans.  17,  261). 

Properties.  From  alcohol  of  95  per  cent.  (Dubrunfaut,  Compt.  rend. 
23, 42),  or  from  stronger  alcohol(0.  Schmidt),  anhydrous  dextro-rotatory 
glucose  is  deposited  in  crystals.    Microscopic,  sharply  defined  needles, 
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which  melt  at  146^  to  a  colourless  transparent  mass.  (0.  Schmidt.)  The 
crystals  frequently  contain  small  quantities  of  hydrated  glucose  mixed 
with  them.  (Schmidt.)  Anhydrous  glucose  is  obtained  as  a  white  powder 
by  heating  bihydrated  glucose  to  55^  or  60°  in  a  stream  of  air ;  as  a 
melted,  transparent,  amorphous  mass,  by  heating  the  bihydrate  to 
100°. — Its  taste  is  less  sweet  than  that  of  cane-sugar;  in  the  solid 
state,  it  is  mealy  as  well  as  sweet.  According  to  Prout,  2^  pts. 
glucose, — according  to  Bubrunfaut,  2  pts. — glucose  sweetens  as  much 

as  1  pt.  cane-sugar.     (See  alto  hydrated  glucose,  p.  323.) 

Molecular  rotatory  power  towards  the  right,  slightly  variable 
between  the  temperatures  of  18°  and  80%  for  C"H"0",  [a]>  =  53-2^ 
(Dubrunfaut),  57*44°  (Bechamp),  55*15°  (Pasteur,  acoordinfc  to  his  deter* 

mination  of  the  rotation  of  the  chloride-of-sodium  compound),  57*0°    (0.   Schmidt)^ 

56°  (Berthelot):  hence  for  C«H"0",2H0  [a]>  =  48°  (Dubrunfaut), 
62*03°  (Bechamp).  See  also  Biot,  p.  310.  A  freshly  prepared  solu- 
tion of  hydrated  glucose  (and  also  of  the  crystals  of  anliydrous  glucose 
obtained  from  absolute  alcohol :  O.  Schmidt),  or  of  dehydrated  glucose 
prepai*ed  without  fusion,  shows  a  molecular  rotatory  power  equal  to 
twice  the  above,  but  it  gradually  sinks  to  this  point  and  then  remains 
constant  (Dubrunfaut,  Pasteur^;  but  if  the  glucose  has  been  dehydrated 
by  fusion,  its  solution,  even  wnen  freshly  prepared,  possesses  the  same 
rotatory  power  as  that  acquired,  after  long  standmg,  by  a  solution  of 
the  crystals  ('Bechamp,  Dubrunfaut).  Dubrunfaut  distinguishes  the 
glucose  contamed  in  a  freshly  prepared  solution  as  glucose  hirotatoire. 
The  solution  of  the  crystals  in  wood-spirit  retains  its  greater  rotatory 
power  for  a  longer  time  than  the  aqueous  solution,  so  that  for  0"H"0" 
there  is  found  [a]y  =  106-4°,  or  for  C"H"0^2H0  [a]^  =  96°  ;  the 
rotatory  power  of  the  aqueous  solution  quickly  falls,  so  that  the  shorter 
the  time  that  elapses  between  solution  and  observation,  the  nearer  is  it 
found  to  this  number.     (Dubrunfaut.)    The  duninution  of  rotatory 

Eower  takes  place  slowly  at  0°  (£.  0.  Erdmann) ;  it  is  complete  in  24 
ours  at  the  common  temperature,  or  in  a  few  minutes  at  the  boihng 
point.  (Dubrunfaut.)  It  is  hastened  also  by  addition  of  hydrochloric 
add.  (E.  0.  Erdmann.) -^(Dubrunfaut,  Con^U  rend.  23,  42  ;  N,  Ana. 
Chm.  Phys.  18,  99.  —  GompU  rend.  42, 228  and  739.  —  Pasteur,  N.  Ann. 
Chim,  Phy$.  31,  95.-— E.  0.  Erdmann,  Ldth.  Kopp.  Jahresber,  1855,  671. 
—  Bechamp,  CompL  rend.  42,  640  and  898.)  —  The  fusion  of  glucose 
does  not  occasion  any  diminution  of  its  rotatoiy  power,  except  the  <^- 
appearance  of  the  bi-rotation.    (Tentzke,  J.  pr.  Chem.  25|  78.) 

Bmnner.        O.  Schmidt. 
«/  100.  mean,  mean. 
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Schmidt  examined  f^oedse  prepared  from  honey,  salirio,  and  amygdaHn,  whidi  had 
been  crystailieed  ftom  alcohol  of  97  p.  c  The  crystals,  after  being  dried  in  Tacno,  lost 
abont  1  p.  c  of  their  weight  at  110",  owing  to  the  admixture  of  a  small  quantity  of 
hydrated  glucose.  The  composition  of  deitro- rotatory  glucose  was  established  by 
Front's  and  Saussure's  analyses  of  hydrated  glucose;  Liebig  {Ann,  Pharm.  9,  23) 
deduced  the  formula  from  the  decomposition  of  glucose  in  fermentation.  Conflicting 
Tiewa  concerning  the  formula :  Bmnner  {Ann.  Pharm.  14,  303  ;  81,  195),  Blondeaa 
d0  CaroUes  (/.  pr.  Chtm.  33,  449). 
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Decompositions.  1.  When  glucose  dried  at  110' ifl  heated  to  170°,  it 
gives  off  2  at.  water,  beooining  more  or  less  coloured,  and  is  converted 
into  glucosan  mixed  with  a  little  unaltered  glucose  and  caramel  (Gelis, 
Compt.  rend.  61,  331).  It  becomes  brown  when  heated  for  a  longtime  to 
150°,  and  is  then  hygroscopic  alter  cooling  (0.  Schmidt).  Between  210' 
and  220°  it  swells  up  more  than  cane-sugar,  gives  off  a  larger  quantity  of 
water,  and  yields  caramel  (Peligot).  The  products  formed  at  high  tempe- 
ratures are  similar  to  those  obtained  from  cane-sugar  (p.  248),  but  are 
somewhat  more  fusible,  more  easily  soluble  in  water,  and  less  soluble 
in  alcohol.  Alcohol  takes  up  scarcely  anything  from  glucose-caramel ; 
absolute  alcohol  throws  down,  from  the  aqueous  solution,  a  mixture  of 
substances  in  the  form  of  a  black  syrup,  which  becomes  moist  in  the 
air,  and  gives  precipitates  of  varying  composition  with  salts  of  lead 
or  baryta.  CaramoUn  (p.  293)  from  glucose  is  also  obtained  in  three 
States,  and  is  dissolvca  by  long  contact  with  water,  even  without 
boiling.  (GeHs,  N.  Ann.  Chim.  Phys.  62,  386.)  —  By  heating  glucose 
in  a  sealed  tube,  there  is  obtained,  together  with  other  substances,  a 
liquid  which  absorbs  ox^^gen  and  nitrogen  from  the  aur  with  great 
avidity  (P.  Thenard,  CompL  rend.  62,  795). 

2.  Glucose  froths  up  in  the  open  fire,  evolves  a  smell  of  burnt  sugar, 
and  bums  away  with  flame. — 3.  Glucose,  mixed  with  spongy  plati- 
num, behaves  like  cane-sugar  (p.  251)  when  heated  oxygen  is  passed 
over  it  (Reiset  &  Millon,  N.  Ann.  Chim.  Phys.  8,  258).  Aqueous  glu- 
cose in  contact  with  platinum-sponge  does  not  absorb  oxygen ;  but,  if 
potash-ley  is  also  added;  it  becomes  heated,  and  is  oxidised  to  carbonic 
acid  and  water  (Dobereiner,  /.  pr.  Chem.  29.  453).  —  It  yields  formic 
acid  when  heated  with  chromic  acid  and  sulphuric  acid,  or  with  peroxide 
of  manganese  and  sulphuric  acid  (Hunefeld,  J.  pr.  Chem.  7, 44).  A(jueous 
glucose  does  not  alter  bichromate  of  potash  when  heated  with  it ;  its 
presence  even  prevents  the  occurrence  of  the  phenomena  occasioned 
by  solution  of  cane-sugar  in  bichromate  of  potash  (p.  251).  (Reich, 
J.  pr.  Chem.  43,  72.)  See  also  Horsley  (J.  pr.  Chem.  63, 320).  —  By  distilling 
1  pt.  glucose  with  1  pt.  oil  of  vitriol,  1  pt.  peroxide  of  manganese,  and 
80  pts.  water,  a  distillate  is  obtained  wnich  exhibits  the  reactions  of 
aldehyde,  and  possesses  also  the  smell  of  acrolein  (Liebig,  Ann.  Pharm. 
113,  116). — Glucose  is  not  altered  by  boiling  with  peroxide  of  manga- 
nese alone  (Stiirenberg,  Ann.  Pharm.  29,  291),  neither  is  it  altered  by 
permanganate  of  potash  (Monier,  Compt.  rend.  46,  425).  —  It  takes  fire 
when  triturated  with  6  pts.  peroxide  of  lead  (Bottger).  On  adding 
small  quantities  of  glucose  to  a  boiling  pulp  of  peroxide  of  lead  and 
water,  carbonate  and  formiate  of  lead  are  obtained.  C^ffH)^'  4- 
16PbO'  =  4C'HPbO*  +  4PbO,CO'  -f  8PbO  -h  8nO.  A  body  which 
attacks  the  eyes  and  nose  is  formed  at  the  same  time  (Stiirenberg). 

4.  Glucose  behaves  like  milk-sugar  (p.  219)  when  its  aqueous  solution 
is  heated  (Hoppe).  —  The  rotatory  power  of  the  aqueous  solution  does 
not  alter  by  standing  for  ten  mouths  (Maumen^,  Gmnpt.  rend.  39, 
916).  A  concentrated  aqueous  solution  becomes  yellow  when  heated 
in  a  chloride-of-sodium  bath,  but  its  rotatory  power  is  hardly  altered 
in  40  to  80  hours  (Soubeiran,  jV.  J.  Pharm.  1,  92). 

6.  Its  aqueous  solution  mixed  with  1  at.  bicarbonate  of  potash 
and  then  with  1  at,  iodint^^  m^  w^^rmed^  yields  iodoform  (Millon^ 
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Compt  rend.  21,  828;  J.pr.  Chem,  37,  53).  —  6.  Heated  in  a  sealed 
tube  with  bromine  in  presence  of  water,  it  yields  hydrobromic  add,  a 
dark-brown  liquid,  and  humus-like  products  (Barth  &  Hlasiwetz).  — 
7.  Cklorme  converts  glucose  into  a  brown  or  black  mass  containing 
caramelin  (p.  262).  (Maumen^,  CompL  rend.  80,  814.)  Bichloride  of 
tin  acts  upon  glucose  in  the  same  way  as  upon  cane-sugar  (Maumene, 
Compt.  rend.  39,  422). 

8.  Fuming  nitric  acid  converts  glucose  into  nitro-glucose  (Flores 
Domonte  &  Menard,  Compt.  rend.  24,  89). — When  heated  with  com- 
mon, or  moderately  diluted,  nitric  acid,  glucose  yields  saccharic  add 
(Heintz)  and  oxalic  acid,  but  no  tartaric  acid  (liebig). 

9.  By  heating  glucose  with  syrupy  aqueous  phosphoric  acid  to  140'*, 
a  small  quantity  of  a  saccharide  (p.  317)  is  obtained  (Berthelot,  N.  Ann. 
Ckm.  Phys.  54,  81). 

10.  Glucose  dissolves  without  coloration  when  triturated  with  cold 
oil  of  vitriol  (P.  Boullay,  J.  Pharm.  16,  172),  forming  glucoso-sulphuric 
acid  (Pehgot,  Ann.  Chim.  Phys.  67, 168).  It  chars  when  gently  heated 
with  4  pts.  oil  of  vitriol,  and  evolves  carbonic  oxide  and  carbonic  add 
gases  (Filhol,  N.  J.  Pharm.  8,  100).  —  When  glucose  is  boiled  with 
dilute  sulphuric  acid,  the  liquid  becomes  brown  and  yields  a  deposit  of 
ulmin  and  ulniic  add  more  quickly  than  when  cane-sugar  is  used  (Mala- 
guti),  less  quickly  (Bouchardat) ;  when  air  has  access,  formic  add  is 
also  produced  (Malaguti,  Ann.  Chim.  Phys.  54,  417).  Coloration  occurs 
quickly  with  glucose  from  inverse  sugar,  more  slowly  with  that  from 
grapes,  and  in  not  less  than  six  hours  in  that  from  starch  (Bouchardat, 
J.  Pharm.  21,  627).  — 11.  Glucose  long  boiled  with  hydrochloric  add 
becomes  unfermentable  (Bodeker,  Ann.  Pharm.  117,  111).  — 12.  When 
heated  with  aqueous  iodic  acid,  it  is  slowly  decomposed  into  carbonic 
acid  and  water  (Millon,  N.  Ann.  Chim.  Phys.  13,  37).  — 13.  Mixed  with 
water  and  an  equal  quantity  of  arsenic  acid,  and  exposed  to  the  sxm,  it 
becomes  red  or  brown  after  three  or  four  days  (Bottger,  iV.  Br.  Arch. 
17, 185).  — 14.  Honey  behaves  with  oxalic  acid  in  the  same  way  as  cane- 
sugar  (Dobereiner,  Ann.  Pharm.  2,  338).  — 15.  The  rotatory  power  of 
aqueous  glucose  is  but  very  slightly  altered  by  long  heating  in  a  chlo- 
ride-of-sodium  bath  with  acetic  acid  (Soubeiran). 

16.  By  heating  dextro-glucose  with  (organic)  acids,  compounds 
are  formed,  with  elimination  of  water,  which  belong  to  the  class  of 
Saccharides,  and  possess  no  longer  the  properties  of  the  acid  and  of 
sugar,  but  are  capable  of  breaking  up  again,  by  assimilating  water, 
into  the  acid  and  dextro-glucose  (Berthelot). 

Berthelot's  class  of  Saccharides  comprehends  all  bodies  formed  in 
the  way  above  mentioned  from  the  sugars  properly  so-called.  Accord- 
ingly, not  only  dextro-glucose,  but  IsBvo-glucose,  maltose,  and  lactose 
(inosite,  eucaliB,  sorbite)  can  enter  into  the  composition  of  saccharides. 
If  they  are  prepared  with  cane-sugar  or  with  trehalose,  instead  of  with 
dextro-glucose,  compounds  are  formed  which  are  either  identical  with 
the  dextro-glucosides  — their  formation  taking  place  under  drcum- 
Btances  under  which  cane-sugar  is  partially,  trehalose  completely,  con- 
verted into  dextro-glucose  —  or,  at  least,  behave  in  the  same  way  so 
far  as  they  have  been  hitherto  examined.— -Berthelot further  places  ii^ 
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this  class,  corapounds'of  starch,  dextrin,  cellulose,  &c.,  such,  for  instance, 
as  xyloMin  and  pyroxylin.  He  then  subdivides  the  saccharides  into 
— gliicoaides,  or  those  produced  from  dextro-glucose ;  levidosides,  from 
Isevo-glucose  (Iseyo-rotatory  fruit-sugar);  galactostdesy  from  lactose; 
and  tnostdeSj  from  inosite.  [in  this  work,  the  first  two  classes  wiU  be  spoken  of  as 
dextrO"  and  Uevo-glucosides  whenever  it  is  necessary  to  distinguish  between  them.']     As 

to  how  far  the  naturally-occurring  bitter  principles  (Laurent's  glucos- 
amides)  ought  to  be  considered  as  belongmg  to  one  of  these  subdi- 
visions, see  below. 

The  formation  of  the  saccharides  occurs  for  the  most  part  by  long 
contact  at  100°  or  120° ;  with  some  kinds  of  sugar,  as  with  trehalose, 
the  temperature  may  be  raised  as  high  as  180°.  Only  a  part  of  the 
sugar  thus  enters  into  combination.  —  They  are  decomposible  into  then* 
constituents  under  the  same  conditions  as  the  fats,  but  with  greater 
diflSculty.  Water  scarcely  acts  upon  them  at  100°;  at  higher  tempe- 
ratures  the  sugar  itself  would  be  destroyed.  Continuous  boiling  with 
dilute  acids  decomposes  them  completely  into  the  original  acid  and 
fermentable  sugar ;  part  of  the  latter,  however,  easily  undergoes  a 
a  further  decomposition  into  glucic  acid  and  humus-Uke  bodies.  Some 
saccharides  suffer  decomposition  by  contact  with  ferments. 

The  saccharides,  like  the  natural  fats,  are  soluble  in  water  when 
they  contain  a  volatile  acid ;  insoluble  when  they  contain  a  fixed  acid. 
The  soluble  saccharides  have  an  extraordinarily  bitter  taste;  they 
deflect  the  plane  of  polarisation  in  the  same  direction  as  the  sugar 
from  which  they  are  derived ;  none  of  them  are  volatile,  but  in  some 
cases  they  emit  a  peculiar  smell,  which  is  developed  by  warming  (Ber- 
thelot). 

The  following  general  account  of  the  saccharides  of  dextro-glucose,  Berthelot's 
fflucoaide^t  is  taken  from  Berthelot's  Chimie  orgamqu9  fond€e  sur  la  Synih^e  (Paris, 
1860),  2»  271.  It  contains  the  general  formulie  of  the  saccharides  of  deztro-glnoose* 
as  wdl  as  of  the  similar  kinds  of  sugar,  both  such  as  haTe  been  actually  prepared,  and 
those  whpse  existence  must  be  assumed  as  probable.  The  examples  are  taken  from  the 
compounds  of  milk-sugar,  starch,  etc.,  in  those  cases  in  which  the  corresponding  com- 
pounds of  dextro-glucose  are  unknown. 

The  saccharides  of  dextro-glucose  are  either  mono-,,  5t-,  ter-^  or 
quadrisacchai'idesy  according  as  they  are  derived  from  1,  2,  3,  or  4  at. 
dextro-glucoae  (or,  according  to  Berthelot,  from  an  equal  number  of 
atoms  of  glucosan,  C"ff^'^  p.  360).  Each  of  these  divisions  is  further 
divisible  into  various  classes,  according  as  the  glucose  is  combined  with 
1,  2,  or  more  atoms  of  add,  and  into  various  sub-classes  according  as 
the  compounds  are  formed  with  elimination  of  1,  2,  or  more  double 
atoms  of  water. 

8  denotes  1  at  dextro-glucose  after  separation  of  2  at.  water,  or  1  at.  glucosan : 
in  cases  where  the  compound  of  dextro-glucose  is  unknown,  it  stands  for  1  at.  of  a 
corresponding  carbohydrate.  —  A  denotes  1  atom  of  a  monobasic  acid ;  B,  i  atom  of 
a  bibasic  add ;  and  Hf  I  atom  of  water. 

Monosacckandes.  —  a.  Class  I.  S  +  A  —  2ff.  Formed  by  the  com- 
bination of  1  at.  glucosan  with  1  at.  acid,  with  elimination  of  2  at. 
water.  No  compounds  of  this  class  are  as  yet  known.  A  correspond- 
ing compound  of  starch  is  xylo'idin,  according  to  Pelouze's  formula 
(p.  107).    C»ffO»,NO»  =  C»«n»«0^«  +  NO*-HO  -  2H0. 
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p.  Class  II.  5  +  2^  —  AS,  Here  belongs  bietearo-glucoge,  bi- 
butyro«gluooBe  and  bibenzo-glucose ;  also  glacoso-bitartaric  add  (p,  259) 
f omiod  from  the  bibaHic  tartaric  acid  according  to  ^  -f  2JS  --  4ir. 

7,,  Class  III.  /S  4-  3ii  —  6^.  Hitherto  not  prepared.  Assuming 
Strecker's  formula  for  gallo-tannic  acid  as  correct,  this  body  may  be 
taken  as  an  example  of  a  naturally  occmiing  glucoside  of  this  class. 
C«*H^O»*  =  C»H^W«  +  3C**H«0"  (gallic  acid)  -  6H0.    ■ 

^.  Class  IV.  No  saccharides  of  monobasic  acids  foipned  according 
to  /S  +  44  —  85"  are  known,  but  gluco-tetratartaric  add,  formed  from 
bibasic  tartaric  add  according  to  >S  +  45  —  8-ff,  belongs  to  this 
class,  and  also,  among  the  compounds  of  (the  hypothetical)  gaUactosan 
(milk-sugar— HO  =  C**H*^*^),  Berthelot's  acide  galactoso-tetratartrique. 
Comp.  p.  222,  (If,  with  Berthelot,  we  derive  the  compounds  there 
spoken  of  from  gaUactosan,  their  f ormulsB  become : — a.  acide  galldctoso- 
tdtratartnque,  C"H»0^  =  C»H»^^«  4-  4C»H«0"  -  4H0 ;  —  b.  acide  Ui- 
gaUactoso'tetratartrique,  C^H^C"  =  3C»ff^»»  +  4C«HH)"  -  8H0.) 

e.  Class  V.    /Si  +  5^4  —  10^.    None  prepared  hitherto. 

f.  Class  VI.  iS  +  6J[  —  12 JET.  Sexaceto-glucose,  C"H«0"  = 
C»H*«0"  +  6C*H*0*  -  12H0.  Gluco-sexacitric  add,  formed  from  ter- 
basic  citric  acid  according  to  S  +  ^B-^^H  (thus:  C^HK)«  = 
C»H"»0"  +  6C»H«0"  -  2H0),  also  belongs  to  this  place. 

The  hisaccharides^  which  are  similarly  divisible  into  classes,  have  not 
hitherto  been  obtained.  The  teraaccharidea  of  the  first  ckusy  which 
would  be  formed  according  to  3  aS'  +  -4  —  AH,  are  perhaps  represented 
by  jalapin  [C«n"0»=3C»ffW<>  +  C»H«0«  (jalapinoHc  acid)-4H0] 
and  by  convolvulin  [C«H«»0»  =  3C"H»W^  4-  C«H«0«  (convolvulinic 
acid)  —  4H0.]  The  fourth  class  of  tersaccharides  is  represented  by  tri- 
galacto-tetratartaric  add  (pp.  222  and  318).  Among  quadrisaccharides, 
AS  +  B  -^  2ir,  Berthelot  ranks  glucoso-sulphuric  acid. 

17.  Gaseous  ammonia  passed  over  dextro*gluoose  which  is  heated 
in  a  water-bath,  or  to  110°,  is  enegetically  absorbed,  water  holding 
carbonate  of  ammonia  in  solution  distilling  over,  while  a  brown,  taste- 
less, nitrogenous  residue  remains.  (P.  Th6nard,  Bull.  Soc.  Chim.  Faris^ 
1861,  40 ;  abstr.  Compt.  rend.  52,  444 ;  Eep.  Chim,  pare,  3,  207.) 

On  pouring  upon  the  residue  20  pts.  alcohol  of  38°,  it  separates 
into  an  insoluble  brown  residue  and  a  solution.  The  former,  after 
being  washed  with  alcohol  of  40°  and  dried  in  vacuo,  contains  52*28 
p.  c.  C,  6*38  H.,  9'94  N.,  and  31*40  0.,  corresponding,  according  to 
Th^nard,  with  the  formula  C«*H"N*0"  (calculation  61-79  p.  c  C, 
6*47  H,  10*06  N.,  and  31*680.).  It  does  not  evolve  ammonia  when 
boiled  with  potash  ley ;  and  when  heated  with  potash-ley  and  hydrate 
of  baryta  to  120°,  only  as  much  as  corresponds  to  a  small  part  of  the 
nitrogen  it  contains,  forming  at  the  same  time  a  nitrogenous  humous 
substance.  It  dissolves  in  water,  aqueous  acids  and  alkalis,  gives 
rapidly  alterable  precipitates  with  platinum-  and  mercuiy-salts,  and 
reduces  ammoniacal  copper-salts.    (P.  Th<$nard.) 

18.  Glucose  is  decomposed  by  long  contact  with  alkaUs,  alkaUne 
mrths,  and  some  metallic  oxides,  forming  glucic  acid.  (Peligot.)  When 
glucose  is  heated  with  potash-lei/y  the  solution  becomes  dark^brown^ 
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evolves  a  smell  of  caramel  (Lowitz,  Heller),  and  contams,  befiides  glucic 
acid,  Pcligot's  melassic  acid. 

When  an  alkaline  solution  of  lime  in  aqueous  glucose  is  allowed  to 
stand  for  some  time,  it  loses  its  alkaline  reaction  and  its  power  of 
giving  a  precipitate  with  carbonic  acid.  If  the  lime  is  removed  by 
means  of  oxalic  acid,  a  sour  unfermentable  liquid  remains,  containing 
glucic  acid  together  with  unaltered  sugar.  (Peligot.)  If  air  is 
excluded,  lime  forms  only  a  small  quantity  of  glucic  acid  from  glucose 
in  14  days,  at  the  same  temperature.  (Bersselius,  Jahresber.  18,  279.) 
In  solutions  containing  alkaline  carbonates,  glucose  disappears,  when 
exposed  to  the  air,  more  quickly  in  proportion  as  they  are  more  dilute, 
(Barreswil,  N.  J,  Pharm.  17,  121 ;  J,pr.  Chem.  60,  140.) 

Glucose  is  coloured  brown  when  heated  with  alkaline  carbonates, 
or  with  ammonia,  in  the  same  way  as  by  potash-ley,  but  not  when 
heated  with  alkaline  bicarbonates.  ((Jottereau,  J,  chim.  med.  32,  39.) 
The  alkaline  reaction  of  potash-ley  is  completely  destroyed  when  it  is 
heated  with  a  sufficient  quantity  of  glucose  THochstetter,  J,  pr.  Chenu 
29,  37);  when  1  at.  glucose  is  present  for  each  atom  of  sdkali. 
(Dubrunfaut,  CompU  rend,  32,  249.)  No  formic  acid  is  produced  in  this 
reaction.    (Mathey,  N.  Br,  Arch.  72,  289.) 

On  boiling  glucose  with  baryta-water  out  of  contact  with  air,  a 
colourless  distillate  is  obtained,  which  contains  acetone.  The  solution, 
which  is  at  first  wine-yellow,  becomes  dark  brown  by  ebullition,  holds 
in  solution  a  brown  substance,  glucate  of  baryta,  and  a  baryta-salt 
whence  aceto-formic  acid  (C*H*0',2H0)  may  be  obtained  by  distillation 
with  sulphuric  acid.  (Kawalier,  Wien.  Akad.  Ber.  30,  159 ;  J,  pr. 
Chem.  74,  28;  Chem.  Oaz.  1858,  421.)  On  adding  to  glucose,  which  is 
kept  melted  in  a  water-bath,  a  hot  saturated  solution  of  baryta  (or 
potash-  or  soda-lev),  a  violent  action  takes  place,  heat  is  disengaged 
and  steam  evolved,  while  the  mass  becomes  brown,  but  still  however, 
contains  principally  glucic  acid.  If  the  heat  is  continued,  the  mass 
becomes  black,  and  hydrochloric  acid  then  precipitates  from  its  aqueous 
solution,  black  fiocks  of  melassic  acid,  which  dissolve  easily  in  alcohol 
and  contain  61*9  p.  c.  C,  5-35  H.,  and  32*75  0.  (Peligot.)  Peligot's  opinion 

that  this  acid,  CMhVqio  (calculation:  61*54  d.  c.  C,  4'27  H.),  is  identical  with 
Bvanberg's  j ap onic  aci d  from  catechu  {Pogg.  3d,  1 61  )doe8  not  accord  with  the  analyses. 

[Kr.]  Besides  this,  a  volatile  body  is  also  formed,  which  easily  reduces 
silver-salts.    (Peligot.) 

19.  A  thick  syrup  of  glucose  distilled  with  lime  yields  an  oil,  from 
which  metacetone  and  phorone  (xiii,  342)  can  be  obtained  by  fractional 
distillation.  (Li^-Bodart,  Compt.  rend.  43,  394 ;  Arm.  Pharm.  100,  354.) 

20.  Aqueous  glucose  heated  with  nitrate  of  baryta  to  180^,  for  48 
hours,  in  a  sealed  tube,  yields  a  body  which  is  insoluble  in  water  and 
contains  a  small  quantity  of  nitrogen ;  while  an  acid,  colourless  solu- 
tion remains,  which  quickly  colours  in  the  air,  and  contains  neither 
nitric  acid  nor  ammonia,  but  evolves  a  large  quantity  of  anmionia  when 
fused  at  a  red  heat  with  hydrate  of  baryta.  (P.  Th^nard,  BvU.  Soc. 
Chim.  Paris,  1861,  61 ;  Compt.  rend.  52,  795.) 

21.  By  heating  aqueous  glucose  with  a(][ueous  carbonate  of  soda 
and  basic  nitrate  of  bismuth,  a  black-brown  liquid  and  grayish-lwrown 
precipitate  are  obtained  (Bottger,  Jakrh.  pr.  Pharm.  22,  19).    Ghicose 
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can  be  detected  in  cane-sugar  or  in  nrine  by  means  of  this  reaction  (Bdttgsr,  /.  pr,  Ch^m, 
70,  432 ;  N,  J.  Pharm,  32,  371). 

•  22.  Crystallised  glucose,  evaporated  with  excess  of  oodde  of  leady 
loses  11*14  p.c.  (10*4  p.c.  according  to  Guerin-Varry)  of  its  weight, 
but  the  residue  is  brown  and  smells  of  burnt  sugar  (Berzelius).  A 
mixture  of  crystallised  glucose  with  oxide  of  lead  loses  in,  weight 
28  p.  c.  at  110°,  the  sugar  being  converted  into  melassic  acid  (Peligot). 

23.  Ferric  sulphate  and  chloride  are  reduced  to  ferrous  salts  by  boil- 
ing with  aqueous  glucose  (Hiinefeld,  J.  7>r.  Chem.  7,  44).  —  Ferric 
hydrate  is  reduced  in  the  cold,  still  more  easily  on  boiling  (Kuhhnann, 
Compt,  rend.  49,  257).  An  aqueous  mixture  of  6  pts.  tartaric  acid, 
240  pts.  ciystallised  carbonate  of  soda,  and  5  or  6  parts  crystalUsed 
ferric  chloride,  if  heated  to  boiling,  filtered  hot,  and  then  mixed  with 
glucose,  becomes  darker  coloured  and  deposits  a  precipitate  contain- 
ing ferrous  oxide  (Lowenthal,  J",  pr.  Chem.  73,  71).  —  24.  A  concen- 
trated solution  of  glucose  mixed  with,  nitrate  of  cobak  and  a  small  quan- 
tity of  fused  caustic  potash,  remains  clear  on  boiling,  or,  if  very  con- 
centrated, deposits  a  light-brown  precipitate  (Reich).    The  presence  of 

glucose  in  a  solution  of  cane-sugar  prevents  the  production  of  the  violet-blue  precipitate 
1^-hich  solutions  of  pure  cane-sugar  give  with  solutions  of  cobalt  and  potash  (Reich, 
/.  pr.  Chem.  43,  72). 

25.  Honey  evolves  carbonic  acid  when .  brought  in  contact  with 
freshly  precipitated  hydrate  of  cupric  oxide  in  the  cold,  and  separates 
cuprous  oxide,  whence  humus  may  be  extracted  by  carbonate  of  soda. 
The  same  decomposition  takes  place  more  rapidly,  but  with  separation 
of  metal,  when  the  mixture  is  heated  (Busch,  Ann.  Pharm.  4,  57). 
Glucose  behaves  Uke  cane-sugar  when  boiled  with  cupric  hydrate  and 
a  small  quantity  of  potash,  except  that  reduction  takes  place  more 
quickly  (JPohl,  J.  pr.  Chem.  63,  361).  —  A  concentrated  solution  of  glu- 
cose, mixed  with  an  equal  quantity  of  sulphate  of  copper^  acquires  an 
emerald-green  colour  when  warmed,  and  deposits  metallic  copper,  while 
the  supernatant  Hquid  at  last  becomes  brown  (Pohl,  J.  pr,  Chem.  63, 
861).  Honey  reduces  metalUc  copper  from  cupric  sulphate  or  rdtnxte 
when  heated,  dichloride  of  copper  from  cupric  chloride  (Buchner,  Bepert* 
2,  1).  —  An  aqueous  solution  of  glucose  mixed  with  potash-ley  and  then 
witn  cupric  sulphate,  dissolves  the  cupric  hydrate  which  separates  at 
first,  with  a  deep  blue  colour,  and  deposits  cuprous  oxide,  after  some 
time  in  the  cold,  immediately  if  heated.  The  production  of  this  pre- 
cipitate makes  it  possible  to  detect  and  distinguish  from  cane-sugar, 
starch,  or  gum,  xroinnr  P*-*  glucose ;  by  the  reddish  coloration  of  the 
solution,  T,Tnri,7nnr  P*-  glucose  can  be  detected  (Trommer,  Ann.  Pharm. 
39,  361).  Comp.  Guibourt  {N.  J.  Pharm.  13,  263).  Carbonic  add  is  formed 
during  the  reduction  (also  formic  acid  when  the  sugar  is  in  excess), 
together  with  a  pecuUar  acid,  resembling  humic  acid,  which  remains 
in  combijiation  with  the  alkali  (Mathey,  N.  Br.  Ardi.  72,  289).  Under 
the  same  conditions,  1  at.  glucose  reduces  5  at.  cuprous  oxide  (formed 
from  10  at.  cupric  oxide)  from  a  solution  of  cupric  sulphate  mixed 
with  a  sufiScient  quantity  of  tartaric  acid  and  then  with  potash, — ^a 
solution  spoken  of  in  this  Handbook  as  potassio'tartrate  of  copper  or 
potassio-cupric  tartrate  (Comp.  p.  313). 

Honey,  in  contact  with  a  saturated  solution  of  verdigris  in  vinegar, 
causes,  in  the  cold,  an  evolution  of  carbonic  acid  which  begins  after 
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12  hours  and  lasts  for  several  days,  and  at  the  same  time  (whether  in 
the  dark  or  in  sunlight)  separation  of  metallic  copper  mixed  with  a 
little  dioxide.  Cupric  acetate,  when  boiled  with  honey,  is  reduced 
only  to  dioxide,  which  is  precipitated,  for  the  most  part  mixed  with 
humus-like  substances.  A  little  dioxide  remains  dissolved,  even  when 
all  the  acetic  acid  has  been  volatilised  by  long  boiling ;  it  must  there- 
fore be  in  combination  with  a  non-volatile  acid,  probably  hiunic  acid, 
which  exists  also  in  the  old  oxymel  aeruginis  (Busch).  According  to 
Buchner,  honey  precipitates  cupric  acetate  only  mider  the  influence  of 

light,  or  on  boiling.  See  alw  Vogel  {Sehw,  5,  80) ;  Baumann  {N.  Br.  Arch.  37, 
47). 

26.  Mercurous  nitrate  is  not  altered  by  aqueous  glucose  at  100" 
(Baumann).  —  27.  Glucose  throws  down  metallic  silver  from  aqueous 
nitrate  of  silver,  as  a  black  j^ecipitate,  on  boiling ;  from  aqueous  am- 
monio-nitrate  of  silver,  as  a  dirty-grey  precipitate  (Baumann).  Ammo- 
niacal  glucose  throws  down  silver  as  a  metallic  mirror  from  aqueous 
silver-salts,  in  the  cold  or  when  heated  (Liebig).  The  metal  is  also 
separated  when  a  mixed  solution  of  nitrate  of  silver  and  glucose  is 
allowed  to  stand  for  14  days  (Scbwertfeger,  JaJirb.pr.  Phami.  7,  292). 
A  solution  of  glucose,  mixed  with  carbonate  of  soda,  or  with  potash- 
ley,  reduces  chloride  of  silver  to  the  metallic  state  on  boiling ;  it  reduces 
carbonate  of  silver  even  at  66°— 70°  (Scliiff,  Ann.  Pharm.  109,  68). 
On  heating  glucose  with  oxide  of  silver  and  potash-ley,  oxalic  acid  is 
formed  (l3ebig,  Ann.  Pharm.  113,  12).  —  27.  Glucose  is  not  changed 
by  ebullition  with  aqueous  bichloride  of  platinum  (Baumann). 

28.  If  solution  of  glucose,  mixed  with  iiidigo,  or  with  solution  of 
indigo,  is  boiled,  and  carbonate  of  soda  dropped  in,  the  liquid  is  de- 
colorised by  the  conversion  of  the  indigo-blue  into  indigo-white 
(E.  Mulder,  iV.  Br.  Arch.  95,  268). 

29.  An  aqueous  solution  of  1  pt.  red  prussiate  of  potash  mixed  with 
^  pt.  pota,8h-hy(kate,  and  heated  to  60  or  80°,  is  decolorised  when 
aqueous  glucose  is  dropped  in.  Inverse  sugar  behaves  in  the  same 
way,  but  cane-sugar  and  dextrin  prepared  by  roasting  (the  latter  not 
even  after  being  boiled  for  a  short  time  with  acids)  do  not  decolorise 
the  solution.  100  cc.  of  a  solution  containing  in  that  bulk  10*98  grms. 
red  prussiate  of  potash  and  5^  grms.  potash-hydrate  is  decolorised  by 
the  inverse-sugar  formed  from  1  grm.  of  cane-sugar  (Gentele,  Dingl. 
152,  68 ;  Chem.  Centr.  1859,  504 ;  Kopp's  Jahresber.  1859,  698).  Gentele 
employs  this  reaction  for  the  determination  of  glacose  and  inverse  sugar.  Loc. 
eii.;  further  Stammer's  objections  {Dingl.  158,40;  Chem.  Centr.  1860,  870),  and 
Gentele's  reply  {Dingl.  158,  427;  Chem.  Centr.  1861,  91).     See  also  p.  308). 

80.  Dextro-glucose  is  capable  of  undergoing  vinous  fermentation 
(p.  265).  —  It  is  not  thereby  first  converted  into  another  kind  of 
sugar,  certainly  not  into  laevo-glucose ;  for  the  liquid  has,  at  every 
stage  of  the  process,  a  dextro-rotatory  power  proportional  to  the 
quantity  of  glucose  contained  in  it,  and  yields  crystals  of  glucose  by 
evaporation  (Ventzke,  /.  pr.  Che^n.  25,  78 ;  Mitscherlich,  Pogg.  59,  94 ; 
N.J.  Pharm.  4c,  2\%\  Dubrunfaut,  N.  Ann.  Chim.  Phys.  21,  171).— 
31.  In  the  lactous  fermentation  (p.  276)  of  dextro-glucose,  the  rotatory 
power  diminishes  constantly  in  the  proportion  corresponding  to  the 
quantity  of  acid  formed  (Dubrunfaut,  N.  Ann,  Chim.  Phys.  21,  175). — 
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Er^hrazutn.  acta  ou  glucose  in  the  same  ws^  as  upon  sugar  (Schunek, 
Jl^r.  Ckeoi.  63,  222.  — See  also  p.  267). 

Left  to  itself  in  contact  with  chalk  and  cheese  (gelatin,  or  other 
nitrogenous  animal  substances)  at  40°i  for  weeks  or  months,  an  aqueous 
solution  of  glucose  is  capable,  according  to  Berthelot,  of  undergoing  a 
(iecoDfiposition,  different  from  fermentation  properly  so-called  which 
tfi^es  place  under  the  influence  of  yeast,  whereby  the  nitrogenous  sub- 
stance, ^  well  as  the  sugar,  suffers  decomposition,  and  nitrogen, 
parbonic  acid,  and  hydrogen,  are  evolved,  while  alcohol,  and  butj^te 
and  lactate  of  lime  are  formed.  Yeast  is  not  p;-oduced  under  these 
circumstances,  unless  air  has  access  to  the  liquid.  In  other  cases,  cells 
resembling  yeast  make  their  appearance,  without  any  alcohol  being  pro- 
duced ;  so  that,  under  these  particular  conditions,  yeast  and  alcohol 
are  independent  of  each  other.  The  chalk  may  be  replaced  by  many 
other  carbonates.  —  50  grms.  glucose,  800*grm8.  water,  60  grms.  chalk 
and  20  grms.  cheese,  left  to  stand  at  the  mean  temperature,  produced 
at  first  lactate  of  lime,  but  after  5  months  this  had  disappeared,  and 
the  liquid  contained  butyrate  of  lime  and  a  quantity  of  alcohol,  amount* 
ing  to  2  p.  c.  of  the  glucose  used.  Alcohol  was  also  formed  after 
addition  of  fatty  oil,  or  of  oil  of  turpentine,  but  there  was  no  lactate  of 
lime  5  addition  of  sulphide  of  carbon  prevented  the  destruction  of  the 
sugar.  —  A  mixture  of  1  pt.  glucose,  10  pts.  water,  4-  pt.  cheese,  and 
1  pt.  magnesia  alba  contained,  after  5  months,  alcohol,  lactate,  and  a 
small  quantity  of  butyrate  of  lime,  the  sugar  being  completely 
destroyed.  In  this  and  in  some  of  the  following  cases,  it  remained 
doubtful  whether  or  not  yeast  was  formed.  The  same  products  were 
formed  when  an  equal  quantity  of  carbonate  of  baryta  was  used 
instead  of  the  magnesia.  Alcohol  was  obtained  when  the  carbonates  of 
zinc,  manganese,  iron,  nickel,  and  lead,  or  peroxide  of  manganese, 
oxide  of  zinc,  cupric  oxide,  metallic  iron,  or  metallic  zinc  were  used 
instead  of  the  magnesia ;  with  oxide  of  lead  and  carbonate  of  copper, 
no  alcohol  was  obtained.  Alkaline  carbonates,  or  borate,  phosphate,  or 
hyposulphite  of  soda,  added  in  equal  quantity,  did  not  prevent  the  pro- 
duction of  alcohol.  By  caustic  soda,  the  sugar  was  destroyed  without 
yielding  alcohol ;  with  sulphite  of  soda  or  lime,  it  remained  unaltered. 
When  the  magnesia  was  replaced  by  carbonate  of  ammonia,  alcohol  was 
formed  at  the  same  time  as  a  peculiar  acid,  the  lime-salt  of  which  was 
deliquescent,  and  contained  at  llO'',  36'6  p.  c.  carbon,  5*2  hydrogen, 
and  18*9  lime,  nearly  corresponding  to  the  formula  C"ff*CaK)".  (Ber- 
thelot, N.  Amu  Chim,  Phys.  50,  351,  —  See  also  p.  279.) 


32.  If  oil  of  vitriol  is  gradually  added  to  aqueous  solution  of  ox« 
gall,  until  the  precipitate  at  first  produced  is  re-dissolved,  the  liquid 
assumes,  on  addition  of  a  small  quantity  of  solution  of  glucose,  a  violet- 
red  cok)ur,  similar  to  that  of  a  solution  of  permanganate  of  potash. 
Oane-sugar  and  starch  also  act  in  the  same  way.  (Pettenkofer,  Awi. 

Pharm,  52,  90.)  Aocording  to  Pettenkoferi  this  reaction  is  applicable  to  the  detec- 
tion of  sugar  in  urine,  and  also  in  blood,  after   removal  of  albumin  by  boiling  with 

alcohol.  —  Many  other  proteYn-compounds,  likewise  oil-fat,  oil  of  almonds, 
and  many  other  oils,  behave  Uke  gall.  (M.  S.  Schultze,  Ann.  Pharm,  71, 
266.)  The  extractive  matter  of  healthy  urine  employed  in  place  of 
sugai*,  produces  the  same  coloration,  which  may  sometimes  be  obtained 
with  ox-gall,  oil  of  vitriol  and  a  small  quantity  of  water  only.  (Van 
den  Broek,  J.  pr.  Chetn.  39, 362.)    %.  According  to  Schunek  (P^»Y.  Mag. 
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f4],  23,  179)  the  extractive  matters  contained  in  healthy  urine  yield, 
when  decomposed  in  aqueous  solution  by  means  of  strong  acids,  a 
sugar  possessing  the  composition  and  some  of  the  properties  of  glucose, 
but  uncrystallised  and  insipid.     T. 

Concerning  the  supposed  formation  of  fat  from  sugar  by  means  of  bile,  see  Hand" 
hucht  Ttii,  Zooehem.  58;  Merckel  {Ann,  Pharm.  59,  74;  /.  pr,  Ckem,  40,  118); 
Schiel  {Ann,  Pharm.  58,  96) ;  Herzog  (AT.  Br.  Arch.  47 1  149).  —On  the  decompo- 
sition of  sugar  hj  saliva  see  Handbuch,  vui,  Zooehem,  23 ;  by  the  intestinal  juice, 
ibid.  92 ;  by  the  pancreatic  juice,  ibid.  89,  and  during  digestion,  ibid,  580,  and  else- 
where. 

Cominnatiom.  With  Water, — Melted  glucose  deliquesces  at  first  when 
exposed  to  the  air  by  absorption  of  water  (7*9  p.  c. :  Guerin-Varry)  and 
solidifies,  as  soon  as  the  quantity  of  water  is  sufficient  for  the  formation 
of  crystals,  to  a  ciystalline,  granular  mass.  (Gehlen,  MitscherUch). 
Glucose  dried  without  being  melted,  absorbs  no  water  when  exposed  to 
the  air.  (Bechamp,  Compt.  rend.  42,  900).— The  crystals  of  anhydrous 
glucose,  obtained  from  alcohol,  if  dissolved  in  a  small  quantity  of  water 
and  evaporated  over  oil  of  vitriol,  are  found  to  have  taken  up  a  quantity 
of  water  amounting  to  only  3'1  p.  c.  of  their  weight.  Anhydrous  glucose 
appears,  therefore,  capable  of  existing  for  some  time  in  aqueous  solu- 
tion, (0.  Schmidt).  An  aqueous  solution  evaporated  to  a  thin  syrup 
Bohdifies*  after  a  few  days  to  a  gi'anular  mass  ;  if  evaporated  to  a  thick 
syrup,  it  docs  not  solidify,  owing  to  the  absence  of  sufficient  water, 
until  it  has  absorbed  more  water  from  the  air. 

a,  Mono'hydrated  glucose.  Anthon's  hard-cn/stalUsed  glucose  —  Pre*^ 
pared  on  the  manufactmdng  scale  by  a  process  that  is  kept  secret. 
In  the  crystallised  state,  air-dried,  it  contains  C"H"0",HO,  and  does 
not  diminish  in  weight  when  placed  over  oil  of  vitriol  at  IS**.  (Anth«n, 
Dingl.  151,  213 ;  Ckem.  Centr.  1859,  289.) 

b.  Bi-hydrated  glucose.  Crystallised  glucose.  —  Generally  obtained  in 
white,  opaque,  g^ranular  hemispherical  or  cauliflower-shaped  masses, 
with  occasional  shining  surfaces.  The  crystals  are  seen  under  a  mag- 
nifying glass  to  be  G-sided  tables,  whose  lateral  faces  cut  each  other 
at  angles  of  about  120**.  They  are  not,  like  the  similar  crystals  of 
lactose,  pea-shaped  and  thicker  in  the  middle,  and  are  not  so  hard 
as  the  latter,  but  more  brittle,  and  less  frequently  isolated  and  well  de- 
veloped. (Pasteur,  Compt.  rend.  42, 349). — ^MitscherUch  obtained  on  one 
occasion  transparent  well-formed  crystals,  as  much  as  0*5  millim. 
long  (bi-hydrated?),  which  shewed  double  refraction.  (Biot,  Compt. 
rend.  23,  909). -Grates  between  the  teeth.  Brittle.  Sp.  gr.  1-3861. 
(Gu^rin). 

Becomes  soft  at  60°,  softer  still  at  65®,  losing  a  small  quantity 
of  water;  at  TO**  it  becomes  doughy;  at  90°  — 100°  it  deliquesces  to  a 
thin  syrup,  and  loses  in  all  9*8  p.  c.  water.  (Guerin-Vany).  It  melts 
between  70°  and  80°,  if  dried  in  vacuo  between  90°  and  100^  (Bechamp), 
at  86°  (0.  Schmidt),  loses  9  —  9*1  p.  c.  water  (by  calculation,  2  at.  = 
9*09  p.  c.  water).  (Peligot.)  In  a  stream  of  dry  air,  it  loses  only  hygro- 
scopic water  at  50°,  but  between  55°  and  60°,  part  of  its  water  of 
crystallisation,  and,  if  kept  at  this  temperature  for  a  few  hours,  it  may 
be  heated  to  80°  or  100°  witliout  melting.  (Bechamp,  Compt,  rend. 
42,  898.) 

Y  2 
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12  C  72    .. 

14  H 14     . 

14  O  112     . 


Saussure.  Proat.  Gn^n. 

Jrom  Grapes,   from  Honey,  from  Starch: 

36-86    36-71     36-36    3630 

7-07     6-78     707     7*20 

56-57     56-61     56-57     5650 


ei3H]H)",2HO  ....  198     ....  100-00    100-00    10000    10000 

Many  other  chemists  have  also  analysed  bi-hydrated  glacose. 

c.  Aqueous  solution.  —  Amorphous  melted  glucosewdissolves  in  water 
in  all  proportions.  (B^cbamp.)  —  The  concentrated  solution  has  not  the 
elasticity  and  ropiness  of  cane-sugar  syrup.  Crystallised  glucose  dis- 
solves quickly  at  first  when  covered  with  water,  but  afterwards  more 
slowly,  so  that  the  density  of  the  solution  becomes  constant  only  after 
several  days'  standing,  with  frequent  shaking.  The  saturated  solution 
contains  44*96  p.  c.  anhydrous  glucose ;  its  sp.  gr.  at  15®  is  1*206,  at 
17'6°  it  is  1*2055.  If  powdered  glucose  is  shaken  with  a  quantity  of 
water  insufficient  for  complete  solution,  the  sp.  gr.  of  the  solution  is 
1*201  after  36  hours,  1*202  after  50  hours,  1*205  after  74  hours,  and 
1*206  after  98  hours,  and  remams  constant  at  this  point.  Accordingly, 
at  15^  1  pt.  anhydrous  glucose  dissolves  in  1-224  pts.  water,  1  pt. 
monohydrated  glucose  in  1*119  pt.  water,  or  1  pt.  bi-hydrated  glucose 
in  1-022  pt.  water;  but  glucose  dissolves  more  freely  if  it  contains* 
foreign  substances,  and  by  dissolving  hard-crystallised  glucose  in  an 
equal  quantity  of  (warm)  water,  a  solution  of  sp.  gr.  1-221  at  17-5*'  is 
obtained.  (Anthon,  DingL  151,  213  ;  Chem,  Centr.  1859,  289.)  The 
Bolution  of  20  grins,  crytallised  glucose  in  -^  Htre  water  cools  the 
water  4°  (Dubrunfaut,  Compt.  rend,  23,  42);  1-2  kilog.  dissolved  in 
2*5  kUogs.  water  cooled  it  e"*,  and  210  grms.  dissolved  in  400  grms; 
water  lowered  its  temperature  5*25*'.  (Polil,  Wien,  Akad,  Ber,  6,  598.) 
—The  specific  gravity  of  solutions  of  glucose  is  about  the  same  as  that 
of  solutions  of  cane-sugar  containing  equivalent  quantities  of  sugar. 

Table  of  the  quantities  of  Anhydrous  Gluco,<:e  contained  in  aqueous  solutions 
of  Glucose.  Calculated  by  Pohl  (Wien.  Akad,  Ber,  11,  664)  from 
Graham,  Hofmann,  &  Redwood's  determinations  -.— 


Quantity  of  anhydr.  Sp.  gr.  of 

glucose  in  100  pts.  solution.        solution. 


2. 

5. 

7. 
10. 
12. 


1-0072 
1-0200 
10275 
10406 
1-0480 


Quantity  of  anhydr.  Sp.  gr.  of 

glucose  in  100  pis.  solution.  solution. 

15 10616 

17 1-0693 

20 1*0831 

22 10909 

25 •    1-1021 


With  Salifiable  Bases,  —  Dextro-glucose  forms  with  the  alkalis, 
alkaline  earths,  and  oxide  of  lead,  compounds  which  arc  more  easily  de- 
composed than  the  compounds  of  cane-sugar.  Aqueous  gluoose  takes 
up  a  large  quantity  of  baryta,  strontia,  or  lime,  and  forms  yellow 
solutions,  precipitable  by  alcohol,  which,  even  when  protected  from  the 
air,  become  darker,  and  are  decomposed  when  kept  (according  to  p.  318) 
or  when  heated.  Their  taste  is  bitter  and  slightly  alkaline,  and,  when 
evaporated  in  vacuo,  thejr  leave  a  transparent,  brittle  mass,  which 
(sometimes :  PeUgot)  contams  unaltered  glucose.     (Berzelius,  Peligot.) 

Potash'campound.  —  Dutch  syrup  shaken  for  some  time  with  8  pts. 
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absolute  alcohol,  the  solution  being  decolorised  by  animal  charcoal  and 
mixed  with  alcoholic  potash,  yields  white  crystals,  which,  in  absence  of 
free  alkali,  may  be  recrystallised  from  hot  alcohol.  (Winckler,  JaJirh. 
pr.  Pharm,  18,  100.)  If  free  alkaU  is  present,  the  alcohoHc  solution 
becomes  brown  when  heated  in  the  air.  Winckler  likewise  obtained 
this  compound  from  horse-radish  sugar.    On  the  preparation  of  glucosate  of 

potash  from  urine,  see  p.  312. 

Soda-compound. — Obtained  like  the  potash-compound.  (Winckler.) 
—  With  horaxj  glucose  behaves  like  cane-su^ar  (p.  284).  (Sturenbercr, 
N.Br. Arch.  1^,272.)  t>     vr         /    v  6' 

Glucose  with  Chloride  of  Sodium.  —  Dextro-glucose  forms  two  or  more 
compounds  with  chloride  of  sodium.  (Stadeler.)  The  rotatory  power 
of  glucose  is  not  altered  by  addition  of  chloride  of  sodium  to  its  solu- 
tion.   (Pasteur.) 

a.  With  more  than  1  at.  Chloride  of  Sodium, — By  evaporating  diabetic 
urine,  saturated  with  common  salt,  very  small  crystals  are  sometimes 
obtained,  which  contain  1 — 1^  p.  c.  water,  and  more  chloride  of  sodium 
than  the  crystals  of  6,  corresponding  nearly  to  the  formula 
C«H«0»,2NaCl.  (Stadeler,  Zuricher  Mitth.  3,  468;  Pharm.  Centr. 
1854,  930.) 

b.  With  1  at.  Chloride  of  Sodium.  —  Calloud  obtained  from  glucose 
and  common  salt,  crystals  containing  25  p.  c.  chloride  of  sodium,  the 
existence  of  which  was  afterwards  called  into  question.  —  The  slow 
evaporation  of  diabetic  urine  saturated  with  common  salt  furnishes  well- 
formed  crystals,  but  without  sufficient  lustre  to  admit  of- measurement. 
They  contain  on  an  average,  23*01  p.  c.  chloride  of  sodium,  and  lose 
3-35  p.  c.  water  at  130°.    (Stadeler.) 

St&deler. 
(hy$tal$,  mean. 

12  C 72     29-09     28-81 

13  H 13     5-25     5-30 

13  0 104     42-02     42'88 

NaCI  68-5  23-64     23-01 

C»H«0»2,NaCI,H0....  247-6  10000    10000 

Instead  of  the  crystals  of  b,  crystals  are  sometimes  obtained  containing  between 
1  and  2  at  glucose  to  1  at.  chloride  of  sodinm :  probably  because  the  compounds 
b  and  c  crystallise  together.    (St&deler.) 

c.  With  4  at.  Chloride  of  Sodium.  —  Discovered  by  Calloud  {J.  Pharm. 
11,  562 ;  Scnw.  46,  337  ;  Mag.  Pharm.  11,  257).  CrystaUises  out  when 
diabetic  urine  is  evaporated,  also  from  solutions  containing  1  at.,  or 
less,  of  chloride  of  sodium  to  2  at.  glucose ;  according  to  Brunner,  from 
solutions  of  glucose  saturated  with  chloride  of  sodium.  When  a  layer 
of  ether-alcohol  is  poured  upon  diabetic-urine  syrup,  and  the  whole 
allowed  to  stand  quietly,  transparent  crystals  of  this  compound  are 
obtained.  (Hiinefeld,  /.  p\  Chem.  7,  46.)  Glucose  from  diabetic 
urine  yields  this  compound  far  more  ensily  than  glucose  of  different 
origin.  (Erdmann  &  Lehmann.)  Purified  by  crystallisation  from 
water  at  the  common  temperature.    (Brunner.) 

Transparent,  colourless,  lustrous  crystals,  attaining  half  an  inch  in 
length,  belonging,  according  to  Pasteur,  to  the  right  prismatic  or  rhombic 


iurr,  .'.  .  1- 
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Bystem.  X^^ff'  ^^0  Rhombic  prism  u  of  120°  12',  the  acute  lateral  edges 
being  truncated  by  f.  e : «  =  119''  54'.  The  summit  is  formed  by  the 
rhombic  octahedron,  a  and  the  dome  i ;  the  rhombohedron  q  belongs  to 
an  imperfectly  developed  obtuse  rhombic  octahedron.  In  favour  of  tliia 
view  (and  in  opposition  to  Kobell  &;  Schabus's  opinion)  is  the  fact  that 
the  crystals  are  not,  as  is  the  case  with  crystals  belonging  to  the  hex- 
agonal systemj  optically  uniaxial,  and  also  that  their  solution  possesses 
rotatory  power.  (Pasteur.  —  See  v.  Kobell's  reply,  J.  pr.  Ckem.  69, 
217).  —  According  to  von  Kobell  &  Schabus,  the  crystals  are  rhombe- 
hedrons  belonging  to  the  hexagonal  system.  Dihexahedric  combina- 
tions of  two  rhombohedrons  (Fig,  131),  the  faces  r,  and  those  similarly 
situated,  being  but  slightly  developed ;  a  more  obtuse  rhombohedron  q 
forms,  by  perpendicular  truncation  of  the  combination-edge  r :  ru  and  of 
the  corresponding  edges,  a  three-faced  summit  imposed  on  the  alternate 
faces  of  the  dihexahedron ;  the  combination-edge  ra :  r^  and  the  corre- 
sponding edges  are  truncated  by  the  six-sided  prism  s  {Fig.  139).  Schabus 
observed  also  the  basal  faces  p.  Crystals  of  another  liabitus  showed 
him  the  two  rhombohedrons  (Fig.  131)  more  equally  developed,  the 
horizontal  edges  being  tnincated  by  rf,  and  the  2-  and  2-edged  summits 
truncated  by  5.  r :  ra  =  77°  42'  (Schabus) ;  r :  /  =  126**  40"^  (Schabus) ; 
>'':r4=:126°  30'  (Kobell),  127**  30'  (Schabus);  r':q  =  101°  30' 
(Kobell.)  The  crystals  examined  by  Schabus  were  from  diabetic  urine 
and  were  brown,  opaque,  and  had  no  perfectly  plane  faces.  (Kobell, 
Eepert.  35,  411;  J.  pr.  Client.  28,  489. — Schabus,  Krystallgestalteti^ 
Wien,  1855,  21,  erroneously  called  glucose.  —  Pasteur,  N.  Ann.  Chim,  Phtfs, 
31,  95;  —  Compt  rend.  42,  350. —  See  also  Marx,  Schiv.  52,  479; 
Studer,  Ann.  Fharm.  14,  314. 

Molecular  rotation  to  the  right  [oc]j  =  47*14°,  corresponding  to 
the  quantity  of  glucose  contained  in  the  compound.  In  a  freshly  pre- 
pared solution,  it  exhibits,  Uke  glucose,  birotation  (p.  314)  (Pasteur.) 
—  Sp.  gr.  1-56  — 1-58  (Hunt,  Sill.  am.  J,  [2]  19,  416.)  Hardness  hke 
that  of  sugar-candy.     Taste  sweet  and  saline. 

The  crystals  contain  water  and  are  permanent  in  the  air,  but 
become  opaque  by  standing  over  oil  of  vitriol ;  they  then  lose  gradually, 
more  quicklv  if  powdered,  2  at.  water  (on  an  average  4*34  p.  c. :  Erd- 
vumn  ^  Lehmann).  Tliey  lose  their  water  still  more  quicldy  in  a 
stream  of  air  a-^^lOO®.  (Erdmann  &  Lehmann,  Soubeiran.)  This  com- 
pound loses  6  p.  c.  water  at  160°  in  vacuo  (PeUgot),  but  begins  to  be 
decomposed  even  at  140° ;  at  150°  it  evolves  a  distinct  smell  of  caramel, 
and  at  156° — 160°  becomes  brown  (Erdmann,  J.pr.  Chem.  16,  247). — 
Dissolves  easily  in  water ;  veiy  difficultly  (Brunner),  easily  (Calloud), 
soluble  in  alcohol. — (Pcligot,  Ann.  Chim.  Phys.  67,  143. — Brunner, 
Ann.  Pharm.  31,  195.  —  Erdmann  &  Lehmann,  J.pr.  Chem,  13,  111. — 
Soubeiran,  N.  J.  Pharm.  9,  332). 

Peligot    Soubeiran.     Erdmann 
Cryttalt.  mean,  &  Lehmann. 

24  C 144        ....     32-99     ....    32-82 

26  H 26        ....      5-95     ....      5-95     ....     5-95 

26  0 208        ....     47-66     ....     4823 

NaCl    58-5     ....     1340     ....     13-00     ....  1330     13-33 

8C'iH»20»NaCl  +  2HO    436-5    ....  100-00    ....  10000 
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Dried, 

24  C 144 

24  H 24 

24  0 192 

NaCl   68-5 


2C»H«0»NaCl  ....  418-5     ....  10000    ....  10000 


Erclmann 

Soubeiran.    Btanner. 

&  Lehmann. 

mean. 

34-41 

....     34-37 

6*y3 

....        0-o4      .... 

....    5-77 

45-8R 

....     45-85 

p- 

13-98 

....       XO  vl       .... 

»•■•                                ««.«         XO    *rv 

For  Bruimer's  first  analyses,  see  Ann.  Pharm.  14,  313;    Popf,  31,  819.     From 
them  Liebig  (Ann.  Pharm.  14,  317)  and  Berzclius  {Jahretber.  Ki,  211)  calculated  the 
above  formula.     Sttideler,  taking  into  account  the  composition  of  the  compound  h 
regards  the  formula  C^Hi20«  NaCl,HO  +  C»H»0«,2HO  as  more  probable.     Peligot 
ascribes  to  the  dry  compound  the  formula  C'^H*'0®,NaCl. 

Baryta-compounds,  —  a.  Two-thirds  f  A  solution  of  glucose  in  wood- 
spirit  is  mixed  with  a  solution  of  baryta  (not  in  excess)  in  aqueous 
wood-spirit ;  the  precipitate  is  washed  with  wood-spirit  and  dried  in 
vacuo,  first  over  quicklime,  then  over  oil  of  vitriol.  (Peligot.)  Sou- 
beiran precipitated  a  mixture  of  baryta- water  and  excess  of  glucose 
with  alcohol.  —  Acquires  a  bright  yellow  colour  at  100°  in  vacuo,  with- 
out undergoing  farther  alteration;  at  a  higher  temperature,  it  froths  up 
aiid  cheu-s*    (Peligot.) 


Aec 

ording  to  Peligot. 

Peligot. 
mean. 

24  C 

144       

2302     . 

23-5 

28  H 

28        

4-48     . 

4-5 

28  O 

224        

85-81     . 
36-69     . 

.  .  .    36-7 

3  BaO 

229-5     

85-3 

CS4H»o«  3BaO   .. 

......  625-5     

100-00    . 

100-0 

According  to  Soubeiran. 

Soubeiran. 

mean. 

24  C 

144        

24-41     .. 

24-9 

24  H 

24        

4-07     .. 

4-3 

24  O 

192        

32-54 

3  BaO 

229-5     

38-98 

0«H2«02*,3BaO   .. 

589-5     

100-00 

Soubeiran  dried  his  substance  for  3  months  in  vacuo.  Peligot  found  on  one  occasion 
37  p.  c.  baryta.  He  appears  to  have  dried  his  substance  at  100**,  and  to  have  burned  It 
with  oxide  of  copper,  whereby  some  of  the  carbonic  acid  must  ha?e  remained  with  the 
baryta. 

b.  1  a^. :  1  o^.  —  Alcoholic  hydrate  of  baryta  is  added  to  excess  of 
glucose  dissolved  in  alcohol,  the  precipitate  is  washed  with  strong 
alcohol,  and  dried  in  vacuo  over  sulphuric  acid.  —  A  nearly  white,  loose 
powder,  of  a  caustic  taste ;  easily  soluble  in  water.  (W.  Mayer,  Ann, 
Pharm,  83,  138.) 

W.  Mayer, 

12  C  72  2909     28-83 

11  H  11  4-44     4-73 

11  O  88  35-56     35-41 

BaO  76-5  3091     3103 


<?3H"0",BaO    247-5     100*00    10000 

Mayer  prepared  the  compound  from  glucose  obtained  by  the  decomposition  of  coo- 
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Tolvulin  and  convolvuHc  acid»  but  ordinary  glucoee  gave  the  same  compound  and  not 
the  compound  a. 

Lime-compound,  —  A  freshly  prepared  solution  of  hydrate  of  lime  in 
aqueous  glucose  is  precipitated  with  alcohol.  (Peligot.)  Soubeiran 
agitates  glucose  with  milk  of  lime,  adds  a  small  quantity  of  glucose 
to  the  filtrate  to  neutralise  the  exc^^ss  of  lime,  and  precipitates  with 
alcohol.  It  does  not  become  perfectly  dry  till  it  has  stood  a  long  time 
in  vacuo.    (Soubeiran.) 

Sonbdran. 
Jn  vacuo,  mean, 

12  C  72  30-51  30-25 

12  H 12  5-09  5-06 

12  O 96  40-67  41-24 

2  CaO 56  23-73  2345 

C"H«»0»  2CaO  ...  236     lOO'OO     100-00 

C84H28028,3CaO,  according  to  Peligot.     Berzelius  found  24-26  p.  c.  Ume. 

Lead-compounds, — Aqueous  glucose  dissolves  oxide  of  lead  (but 
slightly  on  boiling :  GuSrin-  Vcarry\  forming  at  the  same  time,  though 
with  difficulty,  an  insoluble  basic  compound,  which  becomes  brown  and 
is  decomposed  even  below  100°.  (Berzehus  Lehrh,  3  Aufl.  6,  434). 
Glucose  is  decomposed  when  heated  with  oxide  of  lead :  see  above, 
p.  319.  Aqueous  glucose  gives  no  precipitate  with  either  neutral  or 
basic  acetate  of  lead ;  the  precipitate  caused  by  ammonia  in  a  solution 
of  sugar  of  lead,  yields,  when  dissolved  in  water  by  heat,  no  precipi- 
tate in  an  aqueous  solution  of  glucose,  but,  in  an  alcoholic  solution,  a 
precipitate  which  is  soluble  in  water.  (Payen,  Ann,  Chim,  Phys.  65, 
241.)  —  The  precipitate  produced  in  aqueous  glucose  by  anmioniacal 
sugar  of  lead  becomes  red  when  the  liquid  is  left  to  stand,  and  still 
more  so  when  it  is  warmed.  A  red  precipitate  is  hkewise  produced 
when  aqueous  glucose  is  boiled  with  basic  acetate  of  lead,  then  heated 
with  alcohol  and  left  to  cool.     (0.  Schmidt.) 

a.  Quadribasic, — 25  pts.  aqueous  ammonia  is  added  to  the  mixed 
solution  of  20  pts.  dextro-glucose  (or  inverse  sugar,  according  to 
Soubeiran)  and  35  pts.  neutral  acetate  of  lead  in  400  pts.  water,  and 
the  precipitate  is  dried,  first  in  vacuo,  then  at  100°  (Soubeiran), 

Soubeiran. 

12  C    72    12-16     11-98 

8  H   8    1-35    1-36 

8  O    64     10-81     

4  PbO  448     75-68     73  to  75 


Ci2H«Pb*0«....  592     100-00 


b.  Terbasic,  Ammoniacal  sugar  of  lead  is  added  to  excess  of  glu- 
cose-solution,  till  the  precipitate,  which  disappears  at  first,  becomes 
permanent.  The  white  precipitate  washed  out  of  contact  with  car- 
bonic acid,  and  dried  m  vacuo,  turns  yellow  at  150°  without  further 
alteration  (Peligot). 
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Peligot.  Stein. 

12  C 72  ....  14-20  ....  14-0  14-1 

11  H 11  ....  217  ....  21  2-1 

11  0 88  ....  17-36  ...  17*7  178 

3  PbO    386  ....  66-27  ....  662  66-0 

Ci«H"0",3PbO    ....  507     ....  100-00    ....  1000    1000 

So  according  to  Stein  (Ann,  Pharm,  30,  84) ;  according  to  Peligot,  it  is 
C^H^O^i6PbO.  Soubeiran  always  obtained  the  compound  a,  whatever  process  he 
adopted. 

Glucose  prevents  the  precipitation  of  aesquichloi^ide  of  iron  by 
alkalis  and  other  reagents  (Rose). 

Dextro-glucose  is  soluble  in  cold,  and  still  more  in  hot  alcohoL 
Added,  in  the  pulverised  state,  to  alcohol  at  the  temperature  of  17*5**, 
1  pt.  (nearly)  of  anhydrous  glucose  dissolves  in  50*2  pts.  alcohol  of 
sp.  gr.  0*837,  in  9*7  pts.  alcohol  of  0-880,  in  4*6  pts.  alcohol  of  0'91,  in 
1*7  pts.  alcohol  of  0'95.  The  solution,  left  to  itself  for  some  days, 
deposits  so  much  of  the  glucose,  that  1  pt.  remains  dissolved  in 
50*54  pts.,  11 '34  pts.,  5*25  pts.,  and  2*07  pts.  of  alcohol  of  the  specific 
gravities  above-mentioned.  —  On  boiling  the  alcohol,  1  pt.  of  anhy- 
drous glucose  dissolves  in  4*6  pts.  alcohol  of  sp.  gr.  0-837,  or  in  0*73 
pt.  alcohol  of  sp.  gr.  0*88;  on  leaving  the  solution  to  cool,  part 
of  the  glucose  crystallises  out,  but  the  quantity  remaining  in  solution 
is  greater  than  the  same  alcohol  would  have  taken  up  by  agitation  at 
lower  temperatures,  so  that  after  6  days,  100  pts,  of  the  solution  pre- 
pared with  alcohol  of  sp.  g.  0-837,  retains  2*9  pts.,  and  100  pts.  of  the 
solution  prepared  with  alcohol  of  sp.  gr.  0*88  retains  12-4'pts.  of  anhy- 
drous glucose  (Anthon,  Chem,  Centr,  1860,  292). 

The  crystals  which  separate  by  cooling  or  evaporation  are  anhy- 
drous, or  hydrated  according  to  the  strength  of  the  alcohol.  They 
retain  alcohol  obstinately ;  so  that  it  is  ^  perceptible  to  the  taste  even 
after  16  years  (Berzelius,  Lekrb.  3  Aufl."6,  434).  A  similar  observa- 
tion was  made  by  Guerin-Varry.  When  anhydrous  glucose  is  heated 
with  an  equal  quantity  of  alcohol  of  sp.  gr.  0*95,  the  temperature  sinks 
5  degrees  (Anthon). 

From  an  alcoholic  solution  of  glucose,  ether  precipitates  a  thick 
syrup  (Dobereiner,  Ann.  Pharm.  14,  249),  a  crystalline  powder  (HUne' 
f eld,  J.  pr.  Chem,  7,  44). 


Appendix  to  Dextro-glucose. 

Glucosan 

Gi^Lis.     Compt.  rend.  51,  331 ;  abstr.  Zeitsch.  Ch.  Pharm.  4,  57. 

Glucose,  dried  between  100°  and  llO"",  gives  off  water  at  170", 
becoming  coloured  at  the  same  time,  and  is  converted  into  glucosan, 
with  which,  however,  small  quantities  of  caramel  and  unaltered  sugar 
remain  mixed,  the  latter  removable  by  yeast,  the  former  by  charcoal. 
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Colourless  mass,  scarcely  sweet  to  the  taste.  Turns  the  plane  of 
polarisation  to  the  right,  somewhat  less  strongly  than  dextro-glucose. 

Does  not  ferment  immediately,  but  only  after  being  treated  with 
dilute  acids,  which  convert  it  into  glucose. 


Conjugated  Compounds  of  Dextro-glueose. 

Sulphosaccharic  Acid. 

Peligot.    Ann,  Chim.  Pht/s,  67,  168. 

^aubentucker-ichwefiUdur^,  Actde  UtraglncosotulpKuHque  (Berthelot,  Chim. 
eifan,  2,  280).  See  page  318.  Ott  Solphamidonic  acid  see  page  104 ;  and  on  Sulpho- 
lignio  or  Lignosulphurio  add,  page  164.  —  Known  only  in  combibation  with  water  or 
with  bases* 

1 J  pt.  oil  of  vitriol  is  added,  by  small  portions,  to  1  pt.  of  glucoee 
melted  at  the  heat  of  the  water-bath,  the  mixture  being  continually 
stirred,  and  the  vessel,  if  necessary,  plunged  into  cold  water.  If  the 
glucose  is  impure,  or  the  heat  rises  too  high,  the  product  becomes 
somewhat  brown,  which,  however,  does  not  affect  the  purity  of  the 
lead-salt.  The  mixture,  diffused  in  a  large  quantity  of  water,  is  satu- 
rated with  carbonate  of  lime ;  acetate  of  baryta  is  added  to  the  filtrate 
as  long  as  a  precipitate  of  sulphate  of  baiyta  is  thereby  produced,  and 
the  liquid  again  filtered,  is  precipitated  with  basic  acetate  of  lead.  If 
the  liquid,  after  precipitation  with  acetate  of  baryta,  still  remains 
brown,  the  colouring  matter  is  removed  by  a  small  quantity  of  basic 
acetate  of  lead,  and  the  pure  salt  is  precipitated  from  the  filtrate  by  a 
larger  quantity.  The  precipitate,  washed,  and  decomposed  under 
water  with  hydrosulphuric  acid,  yields  aqueous  rnlphosacchark  acid^ 
-which  tastes  at  the  same  time  sour  and  sweet,  reddens  litmus,  decom- 
poses when  evaporated  in  vacuo,  and  more  quickly  over  the  water- 
bath,  into  glucose  and  sulphuric  acid,  and  forms  snUts^  almost  all  of 
wliich  are  soluble. 

Peligot 
Lead-salt  ai  170^  mean, 

48  C 288  ....  17-74  18'16 

40  H 40  ....  2-46  2-49 

40  0 320  ....  19*70  

2  803 80  ....  4-93  450 

8  PbO 896  ....  551 7  53'2  to  553 

C^H«O«,2S03,8PbO.. 1624    ....  10900 
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Ethyl-glttcose. 

C«H?H)«  =  C»IP0*,2C*H«0. 

Berthelot.    N.  Ann,  Chim.  Phys.  60,  103 ;  Chim.  organ,  i,  SOl. 

Glueovine$ier.  Produced  from  1  at.  dextro-glucose  and  2  at.  alcohol, 
with  elimination  of  6  at.  water : 

C»HaO"  +  2C^H«0«-  C»HWOW  +  6H0. 

A  mixture  of  cane-sugar,  bromide  of  ethyl,  and  hydrate  of  potash 
is  heated  in  a  sealed  tube  to  100®  for  several  days,  and  the  product, 
when  cold,  is  treated  with  ether ;  ethyl-glucose  is  thereby  dissolved, 
and  may  be  obtained  b}'^  evaporation  as  a  colourless  oil.  —  Has  a  bitter 
taste  and  a  faint,  agreeable  odour.    Not  volatile. 


20  C 
18  H 
10  O 


Berthelot. 

120     ....     550     . 

......        ds*7 

lo     ....        o*2     .. 

7-6 

80    ....     36-8     .. 

37-5 

C»H»H)'«  218     ....  1000    100-0 

Resolved  by  heating  with  dilute  sulphuric  acid  into  alcohol  and 
dextro-glucose. — From  potassiO'Cupric  tartrate  it  reduces  cuprous  oxide. 

Nearly  insoluble  in  toater.  —  From  the  ethereal  solution  it  is  almost 
completely  precipitated  by  animal  charcoal.  (Berthelot). 


Hezaceto-glucose. 

Bebthelot.    N.  Ann.  Chim.  Phys.  60,  98  $  Chim.  organ.  2,  275. 
Glucote  acSiiqne.    A  monosaccharide  of  the  sUth  order  (p.  317). 

Obtained  by  heating  glacial  acetic  acid  with  dextro-glucose  or  cane- 
sugar  to  100°  for  50  hours,  and  purified  Hke  bibutyro-^ucose  (p.  332). 
— Trehalose  and  starch  at  180°,  and  dextrin  at  100°,  form  with  acetic  acid  oomponnds 
similar  to  or  identical  with  this. 

Pale  yellow  or  colourless  neutral  oil,  having  a  bitter  taste  and  faint 
odour. 

Berthelot. 
mean, 

86  C   216    ....     52-2    6215 

22  H   22    ....      64     5-35 

22  O    176     ....    42-4     42-50 

C"H«0« 414    ....  1000    10000 

Becomes  acid  in  contact  with  the  air.  —  Turns  brown  when  heated, 
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and  hvrns  with  an  odour  of  caramel.  —  Carbonised  by  oU  of  vitriol; 
slowly  decomposed,  by  boiling  with  diltUe  sulphuric  acidy  into  acetic  add 
and  dextro-guicose,,which  is  further  partly  resolved  into  humous  sub- 
stances. — With  alcoholic  hydrochloric  acid,  it  forms  acetate  of  ethyl  and 
dextro-glucose.  —  Hexaceto-glucose  reduces  potassio'cupric  tartrate. 

Dissolves  abundantly  in  water,  but  not  in  all  proportions,  and  is 
precipitated  from  the  solution  by  chloride  of  calcium.  —  Soluble  in 
alcohol  and  in  ether  (Berthelot), 


fiibutyro-glucose. 

Berthelot.    N,  Ann.  Chim.  Phys.  60,  96 ;  Chim.  organ  2,  290. 

Dibutyrinfflucose.     Glucon  buiyrique.    A  monosaccharide  of  the  second  order 
(p.  817)  : 

C«H»0«  +  2C8H8CH  »  C»H«0"  +  6H0. 

Formation.  Produced  in  larger  quantity  from  cane-sugar,  dextro- 
glucose,  or  trehalose ;  in  small  quantity  from  dextrin,  by  heating  with 
butyric  acid.  Traces  of  the  same  or  a  similar  compound  are  obtained 
when  cotton  or  paper  is  heated  with  oil  of  vitriol  and  butyric  acid. 

Preparation.  Butyric  acid  is  heated  with  cane-sugar  or  anhydrous 
dextro-glucose  to  100°  for  50  or  60  hours ;  the  mass  is  exhausted  with 
alcohol ;  and  the  solution  filtered  and  evapoi*ated.  The  residue  is  mixed 
with  concentrated  aqueous  carbonate  of  potash,  a  lump  of  caustic 
potash  being  added  to  neutralise  it  completely,  the  mixture  is  shaken 
up  with  ether,  the  ethereal  layer  is  decolorised  with  animal  charcoal, 
and  the  filtrate  is  evaporated  over  the  water-bath. 

Properties.  Pale  yeUow,  viscid  oil  which  produces  grease-spots  ou 
paper.  Neutral,  very  bitter,  with  a  sHghtly  aromatic  odour.  Retains 
water  obstinately. 


Berthelot. 

MMfl. 

28  C    

.....  168     ....     55 '6     t. 

55-55 

22  H    

I.....     *•£     ....        /  o     •* 

7-45 

14  O    

112    ....     37-1     .. 

37*00 

C»H«OW 

302     ....  100-0    ... 

10000 

Decomposition.  1.  Burns  when  heated^  emitting  an  odour  of  carameL 
—  2.  Carbonised  by  oil  of  vitriol,  and  resolved,  by  heating  with  dikOe 
sulphuric  acid,  into  butyric  acid  and  dextro-glucose.  —  3.  With  alcoholic 
hydrochloric  acid  it  yields  dextro-glucose  and  butyrate  of  ethyl. — 
4.  From  potassio-cupric  tartrate,  it  reduces  cuprous  oxide. 

Dissolves  spai[ingly  in  tcater,  easily  in  akoJwl  and  in  ether.  (Berthelot). 
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Glucosuccinic  Acid. 

A  mixture  of  cane-sugar  and  succinic  acid  in  equal  numbers  of 
atoms,  heated  to  between  120®  and  130°,  melts  to  a  brown  syrup,  with 
elimination  of  water.  The  product  is  an  acid  compound  of  glucose 
with  succinic  acid,  which  decomposes  at  100®,  with  formation  of  liumus, 
and  forms  with  Ikne  a  salt  soluble  in  water,  insoluble  in  alcohol, 
See  page  259  (Van  Bermmelen,  Kopp's  Jahresber,  1858,  436). 


Glucotetratartaric  Acid. 

Bebthelot.  N,  Ann.  PJn/s.  Chm.  54,  78;  abstr.  Compt,  rend,  45,  268; 
N.  J,  Pluirm.  33,  95 ;  Chem.  Qaz.  1857,  441 ;  J.  pr.  Chem.  73,  159. 
—  Che^n.  organ,  2,  295. 

Glueotartaric  acid,  belongs  to  the  monosaccbaridea  of  the  fourth  order  (p.  317).  — 
Different  from  the  glucohitartaric  acid  obtained  from  cane-sugar  and  tartaric  acid 
(p.  259)y  which  is  a  monosaccharide  of  the  se<x>nd  order. 

Formation,     By  heating  dextro-glucose  with  tartaric  acid : 

Ci2Hi20i«  +  4C8H«0»«= C"H2«0»  +  lOHO. 

Occurrence,  Appears  to  exist  in  grapes  at  the  time  of  ripening. 
When  expressed  grape-juice  is  satuarated  with  chalk,  filtered,  strongly- 
concentrated,  filtered  again,  precipitated  with  2  vol.  alcohol,  and  the 
precipitate  purified  by  washing  with  weak  alcohol,  re-solution  in  water, 
and  re-precipitation  with  alcohol,  a  lime-salt  is  obtained  which  reduces 
potassio-cupric  tartrate  hke  glucotetratartrate  of  Ume,  and  is  re- 
solved by  acids  into  dextro-glucose  and  an  acid  which  exhibits  the 
character  of  tartaric  acids. 

Preparation  of  the  Lime-salt,  An  intimate  mixture  of  equal  parts  of 
dextro-glucose  and  tartaric  acid  is  heated  for  a  day  or  two  to  120^  in  an 
open  vessel ;  the  cooled  mass  is  triturated  with  carbonate  of  lime  and  a 
small  quantity  of  water ;  and  the  liquid  is  filtered.  Tartrate  of  lime,  with 
the  excess  of  carbonate,  then  remains  on  the  filter,  while  the  solution 
contains  the  lime-salt  of  the  new  acid,  together  with  excess  of  glucose. 
On  precipitatmgthis  solution  with  twice  its  volume  of  alcohol,  collecting 
the  precipitate,  washing  it  with  dilute  alcohol,  dissolving  in  water, 
again  precipitating  with  alcohol,  and  repeating  the  same  series  of 
operations  a  third  tune,  the  lime-salt  is  obtained  free  from  sugar.  It 
is  dried  for  a  week  or  a  fortnight  in  vacuo,  then  completely  by  heatmg 
it  to  110**. 

Aqueous  glucotetratartaric  acid  is  obtained  by  decomposing  the  lime- 
salt  with  excess  of  oxalic  acid. 

The  aqueous  solution  of  the  acid  and  its  salts  is  gradually  resolved, 
by  boiling,  into  dextro-glucose  and  tartaric  acid,  the  decomposition 
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being  accelerated  by  a  small  quantity  of  sulpburic  acid.  —  Tbe  lime- 
and  magneaia-salts  reduce  potassio-cupric  tartrate.  —  Not  ferment- 
able. 

Glucotetratartaric  acid  is  quadri-hasic.  The  baryta-  magnesia-  and 
lead-salts  are  obtained  like  the  lime-salt,  by  using  carbonate  of  baryta, 
magnesia,  or  lead,  instead  of  carbonate  of  lime.  The  salts  stUl  retain 
water  at  110^ 

Xiwe-«aZ<.— White  amorphous  powder,  100  pts.pf  which  reduce  as 
much  potassio-cupric  tartrate  as  23  pts.  of  dextro-glucose  (calc  22-5  pu.) 
After  drying  in  vacuo,  it  gives  off  14'1  p.  c.  water  at  110°  (15  at.  = 
14*4  p.  a). 

ai  110^  Berchdot. 

26  H 26    ....      3-3     43 

50  0 400     ....     49*9     49*8 

4  CaO     112     ....     13-9     12-7 

C**H«Ca*0»,4HO    ....  802     ....  100*0     1000 

Magnegki-'SaU.  —  The  salt,  dried  in  vacuo,  gives  off  26*4  p.  o.  water 
at  110°  (36  at.  =  26-38  p.  c). 

fl/  110». 

44  C 264     ... 

32  H 32     ..., 

66  0 448     .... 

8  MgO    160     .... 


Berihdot. 

29-2     .. 

30-1 

3-5     .. 

4-0 

49-6     .. 

48-9 

17-7     .. 

17-0 

C«H«Mg*O",4MgO+10Aq 904     ....1000     1000 

Berthdot's  fonnala  contains,  by  error,  4  MgO  more,  CAim,  organ,  2,  296,  and 
N,  Ann.  Chim,  Phyt.  54,  79. 

Lead-salts.  —  The  acid  forms,  with  lead-oxide,  a  neutral  (quadri- 
basic)  and  an  acid  (bibasic)  salt.  The  foiiner  is  insoluble,  or  becomes 
BO  during  preparation. 

• 

Bibasio.  —  Gives  off  10'9  p.  c.  water  at  110*  after  drying  in  vacuo 
(12  at.  =  10-76  p.  c). 

at  110«, 

44  C  2640 

24  H ^  ....     24-0 

48  O 384*0 

2  PbO „  223*4 


C*«H«Pb«0» 895-4 


Berthdot. 

....     29-4     . 

29-9 

*•..       «*7 

3-6 

....    43-0    . 

43-4 

....    24-9    . 

231 

....  lOO-O    . 

100-0 

Glucobezacitric  Acid. 

BWTHIBLOT.    N.  Ann.  Chim.  Pkys.  54,  81. 

GfHCQCtTrte  oM,  QhemJUtf^trie  mmL  —  Bdoagt  to  tin  noaoMecbarides  of  the 
•Ixih  order  (p.  317). 
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Whep  dextro-glucose  is  beated  with  citric  acid,  and  the  product 
treated  in  the  manner  already  described  for  the  tartaric  acid  compound 
(p.  333),  the  lime-  (or  magnesia-  )  salt  is  obtained,  which  reduces 
^tassio-cupric  tartrate,  and  appears  to  consist  of  C**H*H3a*'0"»,4Hd 
(Berthelot). 


Bibenzoyl-glucose. 

Bbrthsi^ot.    N,  Ann.  Chm.  Phys.  60,  98 ;  Ckm.  organ.  2,  393. 

IHken90jflghie99ej  Odifoftf  ^enzoiqtti  or  dibemzotque*    A  monosaocbwide  of  %h9 
second  order  (p*  318). 

Obtained  by  heating  benzoic  acid  with  dextro-glucose  or  cane* 
sugar  to  100°  for  50  hours,  and  purified  like  bibutyro-glucose  (p. '332). 

The  Mme  (or  a  similar)  compound  is  produced  by  heating  benzoic  acid  with  trehalose  to 
180°,  or  with  cotton  to  200%  also,  at  ordinary  temperatures,  in  a  mixture  of  cotton,  oil 
of  vitriol,  and  benzoic  acid;  in  all  cases,  however,  only  in  small  quantity.^ 

Neutral,  semi-fluid   oil,  which  produces  grease-spots  on  paper. 
Tastes  bitter  and  pungent. 


40  C 

....  240 

....     64-8     .. 

4-9 
....    30-3    .. 

Berthelot. 
64-2 

18  H 

14  O 

....       10 

....  112 

5-3 

30-5 

C40HWOI* 

....  370 

....  1000    .. 

100-0 

Bums  with  an  odour  of  caramel  when  heated.  —  Carbonised  by  oil 
of  vitriol  —  With  alcoholic  hydrochloric  acid,  atj  a  moderate  heat,  it 
yields  benzoate  of  ethyl  ana  dextro-glucose.  —  Reduces  potassio-cupric 
tartrate. 

Dissolyes  sparingly  in  water^  easily  in  alcohol  and  in  eth^r. 


LflBvo-glucose. 

C^ffH)"  or  C«*H»K)**. 


BonoQAB^AT.     Compt.  rend.  25,  274. 

BumuKFAUT.    N,  Annn  Chim.  Pbys.  21,  169;  J.  pr.  Chem.  42,  418; 

Pharm.  Cev,tr.  1847,  889,  —  Compt.  rend.  29,  51 ;  abstr.  Phat^.  Cwlr. 

1849,  643,—  Compt.  rend.  42,  901 ;  J.  pr.  Chm.  69,  4:^%.  —  Cowpt, 

rend.  42,  803 ;  J.  pr.  Ckem.  69,  208. 

Zimk^firuehHmeier.  Occurs  in  gum-sugar  (Sckleimzucker)  or  JruH-suga^ 
in  an  impure  state,  mixed  sometimes  with  dextro-glucose  or  cane- 
sugar,  sometimes  with  dextrin  or  gum.  It  was  recognised  as  a  sub- 
stance distinct  from  cane-sugar»  even  in  the  la^t  century,  and  examined 
hj  howiiz  {Crell.  Ann.  1792,  1,  345),  Deyeux  (5'<?A«r.  J,  3,  &28X  and 
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Proust  (N.  GAL  2,  77) ;  but  no  certain  mode  of  discrimination  was 
known,  till  Biot  showed  that  the  different  kinds  of  sugar  may  be  dis- 
tinguished from  one  another  by  their  rotatory  power.  Lsevo-glucose 
was  first  obtained  in  the  pure  state  by  Dubrunfaut. 

Leevo-rotatoiy  i7iverse-8ugar,  the  mixture  of  laevo-  and  dextro-glu- 
cose  in  equal  numbers  of  atoms  produced  by  the  inversion  of  cane- 
sugar  (p.  254),  was  frequently  mistaken  for  dextro-glucose,  or  regarded 
as  a  peculiar  sugar  convertible  into  cane-sugar  by  molecular  alteration, 
till  its  true  nature  was  pointed  out  by  Dubrunfaut.  The  following 
substances,  which  have  been  regarded  as  peculiar  sugurs,  appear  to 
be  mixtures  resembling  inverse-sugar. 

a.  Mitscherlich's  Caramel.  Obtained  by  heating  cane-sugar  with 
a  small  quantity  of  water  to  a  temperature  somewhat  above  160°  in 
the  chloride-of-zinc  bath.  Amorphous,  slightly-coloured  mass,  desti- 
tute of  rotatory  power  (Mitscherlich,  Fogg.  59,  96).  According  to 
Gelis  {Compt,  rend,  AS,  1062),  it  is  perhaps  a  mixture  of  dextro-glucose, 
levolusan  (p.  338),  and  laevo-glucose,  produced  by  the  action  of  water 
on  levolusan. 

b,  Ventzke's  Syrup-su^ar,  Obtained  by  the  continued  boiling  of  an 
aqueous  solution  of  cane-sugar  between  105°  and  106°.  Colourless 
syrup,  without  rotatory  power,  and  not  acquiring  any  by  prolonged 
boiling.  Under  these  circumstances,  according  to  Soubeiran,  inverse 
sugar  is  produced,  which  often  contains  unaltered  cane-sugar  (Ventzke, 
J.  pr:  Chem,  25,  75). 

c.  Soubeiran's  Chyhriose,  or  Liquid  Sugar  from  Honey,  having  a  rota- 
tory power  [a]^*  =  —  43*51°  at  the  temperature  of  13°.  Doubtless 
IflBvo-glucose,  not  perfectly  freed  from  dextro-glucose  (Soubeiran, 
N.  J.  Pharm.  16,  252). 

d,  Michaelis'  Null-  and  Links-teutlose.  The  existence  of  these 
sugars  is  inferred  by  Michaelis  from  the  rotatory  power  of  certain 
beet-juices  {J.pr.  Chem.  74,  385 ;  Chem.  Centr,  1858,  904). 

Occurrence  of  Lcevo-glucose.  —  As  inverse-sugar  in  honey,  in  many 
fruits  and  other  saccbarifcrous  vegetable  organs,  (pp.  339  and  305.) 
The  isolated  occurrence  of  la^vo-glucose  has  not  been  demonstrated  with 
certainty ;  nevertheless  some  kinds  of  apple  and  pear  contain  more 
laevo-  than  dextro-glucose,  perhaps  because  the  mixture  of  these  two 
substances  in  equal  numbers  of  atoms  first  produced  by  the  inversion 
of  cane-sugar,  has  already  suffered  an  alteration  chiefiy  affecting  the 
dextro-glucose  (Buignet,  N.  Ann,  Chim,  Phys,  61,  264). 

Formation.  1.  In  the  inversion  of  cane-sugar  (p.  254)  by  water, 
dilute  acids,  yeast,  or  the  peculiar  substance  of  fruits,  a  mixture  of 
kevo-  and  dextro-glucose  is  produced  (Dubrunfaut).  — 2.  By  boiling 
levulosan  (p.  838)  with  water  or  dilute  acids  (Gelis,  Compt,  rend,  48. 
1062).  —  3.  The  sugar  produced  by  continued  heating  of  inulin  (p.  115) 
with  dilute  acids,  is  fevo-rotatory  (Biot,  Ann,  Chim,  Phys,  62,  28 ; 
Bouchardat),  and  identical  with  laBvo-glucose  (Dubrunfaut).    This  g«b- 

ttance  is  likewise  produced  bj  continued  heating  of  inulin  with  water  (Dubrunfaut). 
Unwashed  sour  yeast  also  converts  inulin  into  sugar  (Bouchardat). 

Preparation,  From  Inverse  sugar.  When  10  grms.  inverse-sugar  are 
intimately  mixed  with  6  grms.  hydrate  of  lime  and  100  gnus,  water. 
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the  mass  which  is  liquid  at  first,  solidifies  after  a  certain  amount  of 
agitation,  and  yields,  by  strong  pressure,  a  solution  of  the  lime-com- 
pound of  dextro-glucose,  while  the  solid  residue,  washed  and  decom- 
posed with  oxalic  acid,  yields  IsBvo-glucose  (Dubrunfaut).  The  inverse 
sugar  occurring  in  fruits,  may  be  decomposed  in  hke  manner  (Buignet, 
N.  Ann.  Chim.  Phys.  61,  270). 

The  inverse  sugar  occurring  in  fruits  (p.  240),  may  be  obtained,  in  the  absence  of 
other  kinds  of  sugar,  by  neutralising  the  juice  with  chalk,  evaporating  the  filtrate, 
exhausting  the  residue  with  alcohol  of  0*85,  evaporating  the  solution,  and  dehydrating 
the  residue  at  110**.     (Buignet.) 

Properties.  Colourless,  uncrystallisable  syrup  (Dubrunfaut),  amor- 
phous solid  mass  (Bouchardat) ;  after  heating  to  100°,  =  C**II"0". 
As  sweet  as  cane  sugar.  Purgative  (Dubrunfaut).  Rotatory  power 
var}''ing  with  the  temperature  [ti\jz=i  —  106**  at  14°C.  ;=  —  79*5° 
at52°C;=  — 63°  at  90°C.  (Dubrunfaut).  The  lie vo- rotary  power  of 
inulin-sugar  was  found  by  Bouchardat  to  be  at  least  three  times  as  great  as  that  of 
inverse-sugar,  and  likewise  variable  according  to  the  temperature.  Dubrunfaut 
remarked  that  when  inulin  (C*'^H*"0^°,3H0)  is  boiled  with  acids,  the  rotatory  power 
incieases  to  f  of  its  original  amount,  whence  the  calculated  value  of  [a]^'  for  inulin- 
sugar  is— 101'',  and  for  inulin,--^ 8  ^S"". 

The  supposition  that  lievo-glacose  may  be  converted  into  dextro-glucose  by  boiling 
with  acids  or  by  molecular  alteration,  has  been  refuted  by  Dubrunfaut. 

The  rotatory  power  of  inverse  sugar  likewise  varies  with  the  tem- 
perature as  well  as  that  of  laevo-glucose,  as  observed  by  Mitscherlich 
{Pogg.  59,  94)  and  Ventzke  (/.  pr.  Chem,  28,  101)  in  inverse  sugar  and 
in  honey.  The  molecular  rotatory  power  of  inverse  sugar  amounts, 
for  C"H"0",  to  [a]y=  -  28°  at  14°  C;  at  62°  it  is  only  half  as 
great,  at  86°  it  disappears  altogether,  and  at  still  higher  temperatures 
the  inverse  sugar  becomes  dextro-rotatory  (Dubrunfaut).  The  mole- 
cular rotatory  power,  which  for  C^'ffH)"  at  15°  C  is  [a]^  =  -  26° 
decreases  by  0*37°  for  each  degree  above  15°  and  increases  by  the  same 
amount  for  each  degree  below  (Buignet,  N,  Ann,  Chim.  Phys.  61,  238). 
Inverse  sugar  heated  in  the  water-bath  contains,  on  the  average, 
39-97  p.  c.  C,  6'67  H.,  and  53*36  0.,  corresponding  to  the  formula 
C»II»0"  (Soubeiran,  N.  J.  Phann.  9,  357 ;  Mitscherlich). 

Decompositions.  Laevo-glucose  when  heated  yields  a  product 
analogous  to  the  glucosan  (p.  329)  of  dextro-glucose,  but  more  easily 
decomposible  (Gelis,  Compt.  rend.  61,  331 ;  Zeitschr.  Ch.  Phann.  4,  67). 
Probably  therefore  Isevolusan  (Kr.).  —  L»vo-glucose  in  contact  with 
yeast  undergoes  vinous  fermentation,  without  previous  conversion  into 
another  kind  of  sugar.  (Dubrunfaut).  —  The  other  reactions  of  leevo. glucose 
have  been  studied  only  with  fruit-sugar  containing  dextro-glucose  :  they  agree  with  those 
of  dextro-glucose.  On  the  behaviour  of  inverse  sugar  when  heated  with  water,  6ce 
page  253;  with  acids  (p.  254)  ;  in  vinous  fermentation  (p.  274) ;  in  lactous  fermentation 
(p.  279);  and  other  places. — f .  When  sodiuni'amalgam  is  added  to  an  aqueous 
solution  of  cane-sugar,  inverted  by  the  action  of  dilute  sulphuric  acid, 
the  exQess  of  acid  having  been  removed,  evolution  of  hydrogen  entirely 
ceases  as  soon  as  the  liquid  has  become  slightly  alkaline,  heat  is  evolved, 
and,  when  the  action  is  complete,  the  solution  is  found  to  contain  man- 
nite.  (Linnemann,  Ann.  Pharm.  123,  136. — See  Mannite.)   If. 

^      Combination.    With  Lime.  —  Lsevo-glucose  forms  with  lime  a  soluble 
basic  compound^  analagous  to  that  of  doxtro  glucose,  which  absorbs 
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oxygen  from  the  air  and  decompoBes.  —  A  second  componnd,  containing 
3  at.  lime  to  1  at.  ladvo-glucose,  fonns  sparingly  soluble  microflcopic 
needles,  and  is  decomposed  by  water  when  exposed  to  light  and  air, 
the  whole  deliquescing  and  the  sugar  undergoing  decomposition 
(Dubrunfaut). 

On  the  behayiour  of  inverse  sugar  to  lead-oxide,  see  page  289.  The  compounds  of 
frait-sugar  obtained  by  Soubeiran  (N.  /,  Pharm,  9,  329)  were  obtained  with  inTeree 
sugar  or  honey,  and  doubtless  belong  to  dextro-glncose*    (Kr.) 

Leevo-glucose  is  more  soluble  in  alcohol  than  dextro-glucose. 


Appendix  to  Lavo^glucose. 

LaBTolusan. 

G^Lis.     Compt.  rend.  48,  1062 ;  Chem.  CerUr.  1869,  712 ;  N.  Ann,  Chim. 
Pkys.  57,  234;  Kopp'a  Jahresber.  1869,  547. 

Saeeharide, 

See  page  247.  Gane-8ugar  quickly  heated  to  160",  and  kept  in  the 
melted  state  at  that  temperature  for  a  moderate  time,  is  converted  into 
a  mixture  of  equal  numbers  of  atoms  of  Isevolusan  and  dextro-glucose, 
the  latter  of  which  may  be  removed  by  fermentation.  The  remaining 
liquid  (which  has  a  dextro-rotatory  power  [a]j'=  15**  for  C**H*"0") 
leaves,  when  evaporated,  a  syrup,  which  does  not  crystallise  even  when 
kept  for  years,  but  contains  kevolusan  partly  unaltered,  partly  meta- 
morphosed. 

LsBvolusan  is  converted  by  hoiUng  water  and  by  dilute  aads^  into  a 
fermentable  Isevo-rotatory  sugar,  which  reduces  copper-solution  and 
is  probably  identical  with  leevo-glucose. 


Maltose. 

BioT.     Compt,  rend.  16,  710 ;  42,  851. 

Dubrunfaut.    N,  Ann.  Chimy  Phys.  21,  178 ;  J.  pr.  Chem,  42,  441 ; 
abstr.  Lieb.  Kopp.  Jahreaher.  1847,  793. 

The  sugar  produced  from  starch-paste  by  the  action  of  malt  (or 
diastase  p.  90)  is,  according  to  Dubrunfaut,  different  from  dextro-glu- 
cose. It  is  the  first  fermentable  product  formed  from  starch-paste  by 
the  action  of  acids,  or  the  last  formed  by  the  action  of  glutin  or  by 
spontaneous  decomposition  (p.  91)  (Dubrunfaut);  Gu^n-Vany  {Aim. 
Chitn.  Phy»,  60,  32)  (who  howerer  did  not  determine  its  rotatory  power),  oouM  not 
perceive  that  the  sugar  formed  with  dtastaae  differed  in  any  respect  Irom  deztro-glaooae. 

The  molecular  rotatory  power  of  ^  sugar  prepared  by  Jacquelain, 
by  heating  starch  in  a  Papin's  digester  with  -^  oxalic  acid,  was  found 
by  Biot  to  be  [ol]j  =  100*6°.  According  to  Dubrunfaut,  this  sugar 
was  a  mixture  of  maltose  and  dextro-glucose.  The  sugar  from  a  false 
manna  mentioned  on  page  305  might  also,  according  to  Biot,  be  referred 
to  this  head. 
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Maltose  is  prepared  firom  starch-paste  by  the  action  of  malt  (some- 
what in  the  manner  described  at  page  811),  and  purified  with  alcohol. 
-^  Forms  erystab  similar  to  those  of  dextro-glucosa,  bat  with  a  mole- 
cular rotatory  power  three  times  as  great,  and  not  stronger  in  a 
recently  prepared  solution  than  after  the  lapse  of  several  hours. 
Henet  it  doei  not  exhibit  the  bi»rot«tion  of  dextto^locote  nentioned  at  page  314.  — 
It  expands  in  crystallising.— It  is  converted  into  dextro-gluoose  by 
boiling  with  dilute  sulphuric  octVf.— By  aqueous  alkalis  it  is  not  quite  so 
easUy  altered  as  dextro-glucose.  —  By  fermentation  it  yields  as  much 
alcohol  as  dextro-glucose,  without  previous  conversion  into  that  sub- 
stance. When  a  mixture  of  dextro-glucose  and  maltose  is  fermented, 
both  kinds  of  sugar  are  decomposed  simultaneously,  not  one  before 
the  other.  —  Maltose  is  somewhat  less  soluble  in  alcohol  than  dextro*- 

glucose  (Comp.  Saussure's  obserrations,  p.  308).  (Dubrunfaut.) 


Mannitose. 
C»H>H)». 

OoRUP-BESAmBZ.    Ann.  Pharm.  118,  273. 

When  mannite  is  oxidised  tmder  the  influence  of  platinum-black, 
carbonic  add,  formic  add,  mannitic  acid,  (C*'H^H)^  Tid.  inf.)  an  unfer- 
mentable  substance  and  a  fermentable  sugar  (^mannitose)  are  produced. 
The  last  of  these  substances,  which  has  not  been  obtained  in  the  sepa- 
rate state  is  distinguished  from  dextro-glucose  by  the  fact  that  it  does 
not  exhibit  any  molecular  rotatory  power,  even  in  concentrated  aqueous 
solution. 

In  the  preparation  of  mannitic  acid  b^  leaving  a  moist  mixtiu-c  of 
1  pt.  mannite  and  2  pts.  platinum-black  m  contact  with  the  air  at  a 
temperature  between  80^  and  40°,  and  lixiviating  the  resulting  acid 
mass  with  water,  a  solution  is  formed  containing  mannitic  acid,  the 
nnfermentable  substance,  and  mannitose;  and  on  precipitating  the 
mannitic  add  with  basic  acetate  of  lead,  and  treating  the  filtrate  with 
hydrosulphuric  add,  the  nnfermentable  substance  and  the  mannitose 
remain  in  the  filtered  liquid,  and  are  obtained  by  evaporation  as  a 
mixture,  which,  however,  is  difficult  to  free  from  acetic  add ;  hence,  to 
prepare  the  latter  substance,  it  is  better  to  heat  the  aqueous  solution  of 
the  acid  mass  with  carbonate  of  lime,  filter  when  the  neutralisation  is 
complete,  and  predpitate  with  alcohol.  The  liquid  filtered  from  pre- 
cipitated mannitate  of  lime,  if  concentrated  to  a  certain  extent,  further 
predpitated  with  alcohol,  and  then  completely  evaporated,  leaves  a 
yellow  syrup  which  cannot  be  made  to  crystallise,  even  after  decolora- 
tion with  animal  charcoal,  but  if  evaporated  in  vacuo,  and  finally  at 
100^  appears  as  an  amorphous  gum. 

This  gum  may  be  regarded  as  a  mixture  of  about  one-third  man- 
nitose and  two-thirds  of  an  nnfermentable  substance  perhaps  indentical 
with  mannitan.  The  gum  contains  43*06  p.  c  carbon,  6*92  hydrogen,  and 
5<H)2  oxygen,  corresponding  perhaps  to  the  formula  C"H»*O",20"H"0w 
(calc.  42-52  C,  708 IL,  50*40  0.).  It  does  not  produce  the  least  deflec- 
tion of  the  plane  of  polarisation,  oven  in  concentrated  solution;  it 
exhibits  with  alkaUsy  with  cupric  oxide  and  potash,  with  basic  nitrate  of 
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hisnmihj  carbonate  of  soda^  and  other  reagents,  the  Bame  behaviour  as 
dextro-glucose,  but  is  not  capable  of  uniting  with  chloride  of  sadmnij 
Its  alcoholic  solution  mixed  with  alcohoUc  potash  forms  a  semi-fluid 
yellow  precipitate  containing  11*27  p.  c.  potash,  corresponding  to  the 
formula  2C"ff 'O^.KO.  —  The  quantity  of  carbonic  add  evolved  in  the 
vinous  fermentation  of  this  gum — ^which  is  easily  set  up — ^as  well  as 
the  amount  of  potassio-cupric  tartrate  which  it  is  capable  of  reducing, 
shows  that  it  must  contain  a  quantity  of  mannitose,  equivalent  to 
32*56  p.  c.  dextro-glucose.  If  the  mannitose  be  decomposed  by  fer- 
mentation, the  unfeimentable  substance  remains,  on  evaporation,  as  a 
yellow-brown  neutral  varnish  having  a  faint  taste,  soluble  in  wat«r 
and  in  alcohol,  insoluble  in  ether,  and  emitting  an  odour  of  caramel 
when  burned.  (Gorup-Besanez). 


Appendix  to  Dextro-glucose  and  the  Allied  Sugars. 

General  View  of  the  Glucosides. 

Sueehatidei  (Jiettheiot),  (Saccharogens,  p.  ^(i9)  —  They  oocur  both  in  the 
vegetable  and  in  the  animal  kingdom. 

Formation.  None  of  the  naturally  occurring  glucosides  have  been 
prepared  artificially ;  but  Berthelot  has  obtained  compounds  analogous 
to  the  glucosides  (see  Saccharides^  p.  316),  and  HIasiwetz  has  ob- 
tained from  phloretic  acid  and  phloroglucin  a  product  corresponding  to 
phloretin,  but  containing  the  proximate  constituents  in  different  pro- 
portions. 

lAurent's  views  on  the  composition  of  glucosides,  see  Compt.  rend,  31 »  353; 
35,  163;  N.  Ann.  Chim.  Pkyt,  36|  330 ;  for  Delffs*  formulae,  see  N.  Jahrb,  Pkarm. 
11,  366  ;  Walz's  N.  Jahrb.  Pharm.  11,  358. 

Decompositions.  The  resolution  of  glucosides  into  glucose,  or  a  cor- 
responding product,  and  a  second  body,  takes  place  for  the  most  part 
on  boiling  with  dilute  mineral  acids.  Or  it  is  produced  by  heating  the 
glucoside  with  aqueous  alkalis  or  haryta-water.  In  this  latter  case, 
according  to  Rochleder  (  Wien,  Akad.  Ber.  24,  32),  crystallisable  sugar 
is  sometimes  obtained,  whereas  the  decomposition  with  acids  yidds 
only  uncrystallisable  sugar. — Or  the  separation  is  effected  at  mean 
temperature,  and  in  presence  of  water,  by  nitrogenous  substances 
occurring  either  in  the  same  plants  as  the  glucosides,  or  in  others. 
Emulsin  decomposes  amygdalin  and  many  other  glucosides ;  myrosin 
decomposes  myronic  acid;  erythrozym  decomposes  rubian.  —  Some 
glucosides  are  likewise  decomposed  by  yeast  and  by  sahva.  The 
products  of  the  decomposition  are  often  further  altered  by  the  action 
of  the  air  or  of  the  acid  employed. 

For  the  separation  of  the  decomposition-products  from  the  gluco- 
sides, Rochleder  (Wien.  Akad.  Ber.  24,  34)  gives  the  following  method. 
The  substance,  contained  in  a  flask,  is  treated  with  dilute  hydrochloric 
acid;  the  flask  is  connected,  on  the  one  side  with  a  carbonic  acid 
apparatus,  on  the  other  with  a  Liebig's  condensing  tube.  The  air 
contained  in  the  flask  is  displaced  by  carbonic  acid,  and  the  flask  is 
heated  in  the  water-bath,  or,  if  necess^iy,  in  a  chloride  of  calcium 
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bath.  As  Boon  as  the  decomposition  is  complete,  the  contents  of  the 
flask  are  left  to  cool  in  a  stream  of  carbonic  acid ;  any  product  that 
may  have  separated  out  is  collected ;  and  the  filtrate  containing  the 
sugar,  hydrochloric  acid,  and  sometimes  other  soluble  products  of  the 
decomposition,  is  mixed  with  pure  carbonate  of  lead,  the  addition  of 
which  is  continued. as  long-  as  cfFeftvescence  ensues,  after  which  it 
is  warmed  and  white  lead  (prepared  by  precipitating  basic  acetate 
of  lead  with  carbonic  acid  gas,  and  washing)  is  added,  whereby 
basic  chloride  of  lead  is  precipitated.  The  precipitate  is  collected  on  a 
filter  and  carefully  washed ;  moist  phosphate  of  silver  is  added  to  the 
filtrate  as  long  as  any  reaction  ensues  between  this  salt  and  the  dis- 
solved chloride  of  lead,  and  till  the  yellow  colour  of  the  phosphate  of 
silver  remains  visible.  The  liquid  is  then  filtered ;  any  silver  that  may 
be  dissolved  in  the  filtrate  is  precipitated  with  a  very  small  quantity 
of  white  lead ;  the  liquid  is  heated  till  the  white  colour  of  the  preci- 
pitate passes  into  cream-colour,  then  cooled,  filtered,  treated  with 
hydrosulphuric  acid,  and  filtered  again,  and  the  filtrate  is  evaporated. 
Colourless  sugar  then  remains,  in  case  such  sugar  was  formed  by  the 
decomposition  of  the  glucosides,  whilst  the  second  decomposition - 
product,  even  if  originally  soluble  in  water,  is  generally  rendered 
insoluble  by  the  white  lead. 

The  distilled  liquid  obtained  by  heating  a  glucoside  with  hydro- 
chloric acid,  contains,  together  with  hydrochloric  acid,  any  volatile 
product  that  may  have  been  formed  in  the  decomposition.  It  is  neu- 
trahsed  with  baryta  or  carbonate  of  baryta,  heated  to  decompose 
acid  carbonate  of  baryta,  concentrated  by  evaporation,  the  greater 
part  of  the  chloride  of  barium  removed  by  crystallisation,  the  rest  by 
sulphate  of  silver,  and  the  filtrate  further  examined. 


AescuUn  is  resolved,  by  heating  with  dilute  acids,  into  eesculetin 
and  sugar : 

C«0HSO37  +  3H0  =»  2C»H«08  +  2C»H»0».    (Rochlcder  &  Schwarti.) 

Zwenger  and  DelfFs  give  other  formulae. 

The  sugar  forms  crystak,  which  melt  at  100°,  are  sweeter  than 
grape-sugar,  and,  like  that  substance,  reduce  potassio-cupric  tartrate. 
According  to  earlier  analyses  bj'  Kochleder  &  Schwartz  (Wien.  Akad, 
Ber,  10,  76),  it  contains,  at  100°,  37"71  p.  c.  carbon,  6*92  hydrogen, 
and  55*87  oxygen,  corresponding  to  the  formula  C"!!*^)",!^) ;  accord- 
ing to  their  more  recent  analyses  {WieiK  Akad.  Ber,  11,  334),  it  con- 
tains, at  100°,  40-50  p.  c.  C,  7-38  H.,  and  52-12  0,  agreeing  with  the 
formula  C"'ii**0".     It  is  fermentable. 

Amygdalin,  in  contact  with  emulsin  and  water,  is  resolved  into 
sugar,  bitter-almond  oil,  and  hydrocyanic  acid : 

C«NH270a  +  4110  =  2C«H«0»  +  C»H«Oa  +  C«NH.    (Liebig  &  Wohler,  1837.) 

The  sugar  thus  produced  is  identical  in  every  respect  with  dextro- 
glucosc  (0.  Schmidt). 

Apiin,  boiled  with  dilute  acids,  is  decomposed,  with  separation  of 
fiocks.     The  filtrate,  freed  from  acid,  leaves,  on  evaporation,  a  sweetish 
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syrup,  which,  when  boiled  with  potassio-cuprio  tartrate,  deposits 
cuprous  oxide,  but  docs  not  give  off  the  odoiu:  of  caramel  when  burnt, 
does  not  ferment  in  contact  with  yeast,  cannot  be  made  to  crystalliso, 
and  dissolves  but  partially  in  alcohol,  with  separation  of  yellow  fiocks. 

Von  PUnta  &  WalUce  otnoot  see  in  theM  resalts  any  evideiifle  of  decompodtion^  an4 
therefore  do  not  regard  apiin  bm  a  glacoside. 

Arhutin  (C**H'*0**),  boiled  with  dilute  acids,  or  in  contact  with 
emulsin,  is  resolved  into  hydrokinone  (Kawalier*B  arctuvin)  and 
grape-sugar  (Kawalier) : 

C»«HWOW  +  2H0  -  C»H«0«  +  C^W^O^.    (Streckcr.) 

The  sugar  forms  crystals  which  exhibit  the  properties  of  grape-sugar, 
and  when  dried  at  100^  or  in  vacuo,  contain  86*64  p.  c.  carb.,  7*05  hyd., 
and  56*31  ox.,  corresponding  to  the  formula  CH'H)^*  (Kawalier,  Wien, 
Ahad.  Ber.  9,  293). 

Amicin  (C™H»*0",  or  C**Hn)")  is  decomposed  by  heating  with  dilute 
acids,  with  separation  of  dark  nocks  and  formation  of  a  substance 
which  reduces  cupric  oxide  (Walz). 

BemoheUoin  is  resolved  by  boiling  with  dilute  adds  or  aqueous 
alkalis  (not  by  emulsin),  into  benzoic  acid,  saUcylous  add,  and  grape« 
sugar: 

C«H»OW  +  4H0  -  C»m«0<  ♦  CWH«0*  +  C»»H»0>».    (Pina.) 

Bryonin  is  resolved,  by  boiling  with  dilute  acids^  into  btyoretini 
hydrobiyotin,  and  sugar : 

C»H»0»  +  4H0  -  C«H»0"  ■¥  C«HVO"  -h  C»HWO»,    (Wtli.) 

CoHndn  (C^H^^O")  is  resolved,  in  like  manner,  into  chiococcaic  add 
and  sugar  (Rochleder  &  Hlasiwetz). 

Chitin^  boiled  for  12  hours,  or  longer,  with  a  mixture  of  1  vol.  oil  of 
vitriol  and  4  vol.  water,  is  resolved,  with  evolution  of  ammonia,  into 
amorphous  sugar  and  a  second  body  not  yet  isolated.  Perhaps  in  this 
manner : 

C"NH«OM  +  4H0  «  C»HMO>«  +  C«NH70<.    (StJldckr.) 

The  sugar  is  fermentable,  and  reduces  cupric  tartrate  (Berthelot, 
CompU  rend.  47,  230). 

Cohcynthin  is  resolved,  by  boiling  wlfh  dilute  acids,  into  colo- 
cynthe'in  and  sugar : 

C«H«0«  +  aHO  -  C«H»0«  +   C»H»0».    (Walj.) 

Canvallarin  is  decomposed  in  like  manner  into  convallarotin  and 
sugar: 

2C«H»0"  +  2H0  -  2C«H«0«  +  C^WH)^.    (Wab.) 

ConvaUamurin  yields  under  the  same  drcumstances,  convaUaroaretin 
and  sugar : 

C«H«05*  =  C«H»0'«  +  1C»H«0«  +  2H0.    (Wall.) 

Convolvulin  and  Convolvultc  acid  are  resolved,  by  oil  of  Vitriol  or 
alcoholic  hydrochloric  add,  the  former  with  assumption  of  5  at.,  the 
latter,  of  2  at.  water,  into  convolvulinol  and  sugar : 
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C«H«0»  +  8H0  m  C»H»07  +  3C«H«0»     (W.  Mayer,  Kaywr.) 
ConToWalic  acid. 

CowolvtiUn-augar. — When  Kaysor  (Ann.  Pharm.  61,  98)  decom- 
posed convolvulin  by  passing  hydrochloric  acid  gas  into  the  alcoholic 
solution,  and,  after  leaving  tne  mixture  to  itself  for  10  days,  extracted 
the  resulting  convolvulinol  with  ether,  there  remained  an  acid  liquid, 
which  was  neutralised  with  carbonate  of  lead,  filtered  and  evaporated. 
From  the  residue,  absolute  alcohol  extracted  a  sticky  translucent 
sweetish  mass,  which  reduced  cupric  oxide,  yielded  crystals  when 
brought  into  contact  with  common  salt,  fermented  with  yeast,  and 
exhaled  the  odour  of  sugar  when  burnt  on  platinum-foil.  —  Mayer, 
after  decomposing  convolvulic  acid  with  dilute  sulphuric  acid,  and 
removing  the  convolvulinol,  saturated  the  liquid  with  carbonate  of 
lead,  treated  the  filtrate  with  sulphuretted  hydrogen,  evaporated  it  to 
^y,  removed  the  separated  convolvulin  by  agitation  with  ether, 
evaporated  further,  and  thus  obtained  a  brown  sweetish  syrup,  which 
behaved  hke  grape-sugar,  when  burnt,  also  with  an  alkaline  cupric 
solution,  with  bile,  with  sulphuric  acid,  with  water,  and  with  alcohol 
whether  aqueous  or  absolute,  but  did  not  form  a  crystaUine  compound 
with  common  salt,  and  could  not  itself  be  made  to  crystalUse.  This 
syrup  mixed  in  alcohoUc  solution  with  an  alcoholic  solution  of  baryta 
not  in  excess,  formed  a  precipitate  composed  like  monoglucosate  of 
baryta  (p.  328).     (Mayer,  Ann.  Pharm.  83,  138). 

Crocin  is  resolved  by  dilute  acids  into'  crocetin  and  crocin-sugar : 

C»H«0»,iHO  -I    4iHO  -  CP*H»0»  +  2C«H»0» 

Crocin-sugar^  obtained  by  decomposing  crocin  in  the  manner 
described  above,  is  easily  crystallisable,  sweet,  and  reduces  from 
potassio-cupric  tartrate,  half  as  much  cuprous  oxide  as  dextro-glucosc 
(Rochleder  &  L.  Mayer,  Wien.  Akad,  Ber.  29,  6). 

Cyelamin  solidifies  when  heated  with  aqueous  hydrochloric  acid, 
with  formation  of  sugar  and  separation  of  a  second  product.  (Do 
Luca.) 

Dcgi)hmn  is  resolved  by  boiling  with  dilute  acidSf  into  daphnetin  and 
sugar: 

C"H*«0«  ♦  4H0  m  C»H"OW  +  2C"H"0".    (Zweoger.) 
DatUdn^  treated  in  the  same  manner,  yields  datiscetin  and  sugar : 
C«H«0«  -  C»HW0»  -h  CWH^O".    (Stcnhouae.) 

The  sugar  is  obtained  by  evaporation,  after  removal  of  the  datis- 
cetin and  the  sulphuric  acid,  as  a  sweet  syrup,  which  sohdifies  in  the 
semi-crystalline  form  after  standing  for  some  time,  and  reduces 
potassio-cupric  tartrate  at  100**  (Stenhouse,  Ann,  Pharm.  98,  171). 

Walz's  Digitalin  is  resolved  by  boiling  with  dilute  sulphuric  acid, 
into  digitahretin,  paradigitaletin  and  sugar.  Walz  supposes  the  re- 
action to  consist  of  two  stages:  a.  Resolution  of  digitalin  into 
digitaletin  and  sugar : 

C«H«0»  •*•  2H0  -  C«H»0"  +   C"HWO". 

h.  Further  'decomposition  of  the  digitaletin,  partly,  with  abstraction 
of  4  at.  HO,  into  paradigitaletin,  partly  into  digitaliretin  and  sugar  : 
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Walz's  digitaletin  decomposed  by  dilute  acids  yields  the  products  above 
ijaentioned  (Walz,  Dclffs).  Kosmann's  digitaUn  and  digitaUc  aM, 
which  differ  from  Walz*s  compound  in  composition  and  properties,  are 
resolved  by  dilute  acids  into  digitaliretin  (which  however  is  not  the 
same  as  Walz's)  and  sugar.     Decomposition  of  digitalin : 

C"H«0»  +  4H0  -  C»H»0'«  +  2Ci*HM0w.    (Kosmaan.) 

Euxanthtc  acid  (C^ffH)":  Erdmann)  is,  according  to  W.  Schmid  (Ann 
Pharm,  93;  88)  a  glucoside,  which  is  decomposed  by  oil  of  vitriol  into 
cuxanthone  and  sugar.  According  to  Erdmann,  the  products  formed 
in  this  reaction  are  euxanthone  and  hamathionic  acid  (lead-aalts 
C"H7b»a,SO*,3PbO);  on  the  other  hand,  euxanthic  add  decomposed  by 
heat  yields  euxanthone  C*®H'*0",  carbonic  acid  and  water.  The  latter 
decomposition,  as  well  as  the  formulsB*  of  euxanthic  acid  and  cuxan* 
thone,  is  inconsistent  with  Schmid's  supposition ;  nevertheless 
Erdmann's  hamathionic  acid  bears  some  resemblance  to  sidphamidonic 
acid  and  other  compounds  of  like  nature.    (Kr.) 

Fraxin  heated  with  acids  yields  f raxetin  and  crystallisable  sugar : 

CMXi3oo«  +   6H0  -  C»H^20i«  +  2CWH>20M.     (RocUledcr.) 

Gallo'tannin  is  resolved  by  boilmg  with  acids  into  gallic  acid  and 
glucose : 

C»*H»OW  +  8H0  «  3C"H«0W  +  CBH»0».    (Strecker.) 
For  obserrationf  of  contrary  tendency  tee  gaUo-tannin.  — -  The  sugar  exhibits 

the  reactions  and  composition  of  dextro-glucose.  (Strecker,  Ann.  Pharrn, 
90,  331.) 

!  By  heating  50  grm.  gaUotanninwith  50  grm.  oil  of  vitriol  and  450  grm. 
water  to  90®  for  three  days,  and  filtering  off  the  gallic  add,  a  black 
saccharine  solution  is  obtained,  which  when  neutralised  with  carbonate 
of  lead,  mixed  with  a  slight  excess  of  neutral  acetate  of  lead,  concen- 
trated, freed  from  lead  by  sulphuretted  hydrogen  and  decolorised  by 
animal  charcoal,  agrees  perfectly  with  grape-sugar  in  rotatory  power, 
fermentation  and  reaction  with  potassio-cupric  tartrate.  (Buignet,  JV. 
Ann.  Chim.  Phys.  61,  287.) 

The  iodine-compound  of  a  tannin  occurring  in  sweet  fruits  is  Ukewise 
decomposed,  with  formation  of  dextro-glucose,  by  boiling  with  dilute 
sulphuric  acid.     (Buignet.) 

Gelatin.  —  When  isinglass  is  boiled  for  some  days  with  dilute 
sulphuric  acid,  sulphate  of  ammonia  is  formed  together  with  a  fer- 
mentable sugar.  (Gerhardt,  TraUe  4,  509).  Hyaline  cartilage  and 
rib-curtilage,  boiled  with  hydiochloric  acid,  yield  large  quantities  of 
glucose  (Fischer  &  Bodeker,  Ann.  Phartn.  117,  111). 

GlobtUarin,  boiled  with  dilute  sulphuric  acid,  yields  globularetin 
(part  of  which  changes  into  paraglobularetin  C^H**©*  [p.  39])  and 
sugar: 

e»H**0»  «  2C«H>«08  +  C"H»OW.    (Wall.) 

Glycyrrhizin  is  resolved,  when  its  aqueous  solution  is  boiled  with 
hydrochloric  acid,  into  glycyrretin  ana  glucose.  Perhaps  in  this 
manner. 


I  C*'H=^'0^«  +  2110  r,  C»ll«0'  +   C"I1«0». 


f 
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The  imcrystallisable  sugar  exhibits  the  characters  of    grape-sugar 

(Gorup-Besanez).      Rotatory  power  not  determined. 

GratioUn  is  resolved,  by  boiling  with  dilute  sulphuric  acid,  into 
gratioletin,  gratiolaretin  and  sugar : 

2C«HW0"     =     C«H»OW     +     C«H»0«     +     C"H»0»,    (Wall. 

Gratioletin*       Gratiolaretin. 

Gi-atiosoUn  in  contact  with  aqueous  acids  or  alkalis  is  resolved  into 
gratiosoletin  and  sugar : 

2C'»H«0=»  »  2C«H«Oi7  +  C»H»0«  +  4H0. 

The  gratiosoletin  thus  formed  is  further  resolved  by  boiling  into  hydi'o- 
gratioBolaretin  and  sugar : 

Part  of  the  hydrogratiosoleretin  is  further  converted,  with  elimination 
of  2  at.  water,  into  gratiosoleretin,  C'^H'H)'.    (Walz.) 

Helianihic  dcid.  This  name  is  applied  by  Ludwig  &  Kromayer 
(N,  Br.  Arch.  99,  1,  and  285)  to  a  substance,  obtained  from  the  seed  of 
tlie  sunflower  {Ileliantkus  anmtus),  which  is  insoluble  in  cold  water  and 
in  alcohol,  not  fermentable,  and  reduces  potassio-cupric  tartrate  only 
after  boiling  with  acids. 

Helicin  heated  with  acids  or  alkalis,  or  in  contact  with  emulsin  or 
yeast,  is  resolved  into  salicylous  acid  (xii,  235)  and  dextro-glucose : 

C»H»«0"   +   2H0  =  C"H»0*  ^    C»H»0".    (Piria.)] 

The  complete  identity  of  this  sugar  with  dextro-glucose  is  shown 
by  Schmidt's  experiments  on  salicin-sugar.  —  Chlorhelicin  (C^CIH*^") 
exhibits  a  similar  reaction,  yielding,  however,  chloro-salicylouB 
(xii,  294)  instead  of  salicylous  acid.    (Piria.) 

HeUcoidin  is  resolved  by  emulsin  into  saligenin,  salicylous  acid  and 
glucose : 

CBH«0»  +  4H0  =  C"H80<  +  Ci<H«0*  +  2C»H»0».    (Piria.) 

Indican  is  resolved  by  acids  or  alkalis,  indicanin  by  ecids,  into  indi- 
glucin  (p.  302)  and  other  products.     (Schunck.)     See  Indican. 

Jalappin  in  contact  with  dilute  mineral  acids  is  resolved  in  jalap- 
pinol  and  sugar : 

C«H«0«  +   IIHO  =  C»HM07  +  3C«H»0». 

Jalaj/jnc  acid,  which  contains  3  at.  water  more,  is  decomposed  in  like 
manner,  with  assumption  of  8  at.  water.     (W.  Mayer.) 

Kinovin  is  resolved  by  alcoholic  hydrochloric  acid  into  kinovic  acid 
and  kinovin-sugar : 

C«H«OW  +   2H0  =  C«H«W  +  C^RKOio.    (Hlasiwetz.) 

Kinovin-sugar  is  obtained  from  the  alcohol  containing  hydrochloric 
acid  after  separation  of  the  kinovic  acid,  either  by  Kochleder's 
method  (p.  340),  or  as  follows :  The  liquid  is  neutralised  with  anhy- 
drous carbonate  of  soda  (or  carbonate  of  lead),  and  filtered ;  the  pre- 
cipitate washed  with  a  small  quantity  of  strong  alcohol ;  the  alcohol 
distilled  off;  and  the  remaining  liquid  evaporated  to  dryness  over  the 
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water-bath.  The  thick  residue  is  dissolved  in  water,  the  solntion, 
filtered  from  the  undissolved  portion,  is  evaporated,  and  the  residue  is 
digested  in  absolute  alcohol.  The  alcoholic  solution,  when  evaporated 
leaves  the  kinovin-sugar,  to  be  purified,  if  necessary,  by  re-solution 
and  decoloration  with  animal  charcoal.  —  Amorphous,  solid,  deliques- 
cent mass,  having  a  faint,  somewhat  bitter  taste.  Gives  off  water 
when  continuousfy  heated  over  the  water-bath.  Dried  at  100",  it 
contains  48'34  p.  c.  carbon,  7*72  hydrogen,  and  48'94  oxygen,  answer- 
ing to  the  formula  C'*K"0^^  It  is  isomeric  or  identical  with  mannitan. 
Smells  like  caramel  when  heated.  Reduces  potassio-cupric  tartrate 
only  in  concentrated  solution.  Dissolves  completely  in  alcohoL 
(Hlasiwetz,  Ann.  Pharm,  111,  118.) 

Kinovatannic  acid  is  resolved,  by  boiling  with  dilute  sulphuric  acid, 
into  kinova-red,  and  a  substance  which  l^haves  with  cupric  sulphate 
and  potash-ley  like  grape-sugar.     (Hlasiwetz.) 

The  Lycopodiun^biUer  of  Kamp  &  Bodeker  reduces  potassio-cupric 
tartrate  after  boiling  with  dilute  acids,  but  not  in  its  unaltered  state, 
and  should  therefore  perhaps  be  regarded  as  a  glucoside. 

Menyanthiny  boiled  with  <£lute  sulphuric  acid  is  resolved  into  sugar  and 
an  oil  which  smells  like  bitter  almonds.  (Ludwig,  N.  Br.  Arch  108,  84.) 

Myronate  of  potash  is  decomposed  in  contact  with  myrosyn  (x,  54) 
and  water,  yielding  oil  of  mustard,  sugar,  and  other  products.  (Ludwig 
&  Lange,  Zeitachr.  Ch.  Pharm.  3,  677.)  The  formula  C»«NH»*S*0",KO 
(  =  C'NH'S*  -h  KO,S»0*  +  C»H"0")  given  by  Ludwig  &  Lange,  is, 
according  to  Will  &  Korner  (Ann.  Pharm.  119,  376),  more  correctly 
C»Nn»KS*0*  and  contains  the  elements  of  oil  of  mu«tard  C>NH»S*, 
glucose  C**n^*0*'  and  bisulphate  of  potash  S*KHO*.  Ludwig  &  Lange 
also  found  sulphate  of  potash  among  the  products  of  the  reaction,  but 
no  sulphite. 

Onomn  is  resolved  by  boiling  with  dilute  adds,  into  formonetin  and 
glucose  (Hlasiwetz); 

C«H»*0»  «  C«H«0»  +  CWH'K)^  +  2H0. 

Onospin  is  resolved  under  similar  circumstances  into  ononetin  and 
sugar  (Hlasiwetz) : 

C»H»«0«  »  C«H«OW  +  C»HMO". 

Sach  U  the  yiew  of  the  reaction  givea  by  limpricht  {Grundr.  d.  org.  Ckem.  Brfttin* 
8chw.  1854,  680.)    For  Hlaiiwetz's  formule,  lee  Ononin. 

The  sugar  formed  from  ononin  and  onospin  by  the  action  of  dilute 
sulphuric  acid,  remains  in  solution  after  the  second  product  of  the 
decomposition  has  been  removed  by  filtration,  the  sulphuric  acid  by 
carbonate  of  lead,  and  the  excess  of  lead  by  sulphuretted  hydrogen, 
and  is  obtained  by  evaporation  as  a  very  sweet  fermentable  syrup,  in 
which  granular  crystals  form  after  a  few  days.  These  crystals  melt 
at  the  heat  of  the  water-bath,  to  a  viscid  syrup,  which  remains  soft 
after  a  day's  drying  and  exhibits  all  the  reactions  of  grape-sugar. 
(Hlasiwetz,  Wim.  Akad.  Ber.  15,  153.^     Rotatory  power  not  examined. 

Paristyphnin  boiled  with  dilute  sulpnuric  acid  is  resolved  into  paridin 
and  sugar : 

C?«H«0>«  +  4H0  -  C«H»0»  +  C»H»0». 
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Hheparidin  thus  prodnced  is  rcflolved,  by  boiling  with  a  lArgcr'qnantity 
of  diUite  sulphuric  acid  (  f  ),  into  paridol  and  sugar : 

C«H««0»  +  2HO  -  C*'H*K)»  +   C«H"0»«.    (Walx.) 

PhUyrin  is  resolved  by  boiling  with  dilute  hydrochloric  acid  into 
philyffenin  and  grape-sugar ;  by  lactous  fermentation^  into  philygcnih 
and  the  products  of  the  decomposition  of  grape-sugar: 

C"H"0«  +  2HO  -  ^RH«0»  +  C»H»OW.    (Bertigniiil.) 

From  the  solution  freed  from  philygcnin  and  hydrochloric  acid  (by  car- 
bonate of  lead),  the  sugar  crystalUses,  after  evaporation  and  re-solution 
in  alcohol,  in  warty  masses  exhibiting  the  properties  of  grape-sugar. 
(Bertagnini,  Ann,  Pliarm,  92,  110.) 

Phlorhizin  is  decornposed  by  dilute  acids,  not  by  emulsin,  yielding 
phloretin  and  sugar  (Stas) : 

C«H«0»  +  2HO  m  C»HMO»  +  C«H»0».    («twcker.) 

Phloretin  boiled  with  alkalis  is  resolved  into  phloretic  add  (xiii,  308) 
and  phloroglucin  (p.  66)  ] 

C»HWO»  +  2tiO  =  CMH»0«  +  CttH«0«.    (Hlaalwcti.) 

Phlorhizin-sugar  is  difiScult  to  crystallise,  and  exhibits  the  proper- 
ties and  composition  of  crystallisable  grape-sugar.  (Stas,  Ann,  Pharm. 
30,  200.)  It  reduces  the  same  quantity  of  cuprio  oxide  as  dextro-glu- 
cose.  (Roser,  Ann.  Pharm,  74,  178.) 

Pinwicrin  splits  up  into  ericinol  and  sugar  when  its  aqueous  solu-^ 
tion  is  heated  with  acids: 

C^H«0«  +  iHO  -  C»HW0«  +  2C»H»0M     (Kiwriicr.) 

Ericolm  treated  with  dilute  acids  yields  the  same  products  in  other 
proportions : 

C«H»0*»  -f  9H0  •  C»H»«0»  -¥  4C»«H"OM.    (BochleJcr  &  Schw»«.) 

The  sugar  produced  from  pinipicrin  is  rendered  uncrystallisablc  by 
the  foreign  substances  contained  in  it ;  at  100°  it  becomes  soft ;  at  com- 
mon temperature  it  is  solid  and  brittle^  and  is  easily  reduced  to  a 
yellowibh  powder  containing  2  p.  c.  ash,  and  after  deduction  of  thiSf 
39*06  p.  c.  C,  6*62  H.,  and  54*32  0.,  corresponding  approximately  to 
the  formula  C»H*H)".  (KawaUer,  WUn.  Akad,  Ber.  11,  862.) 

PopuUn^  when  boUed  with  dilute  adds,  splits  up  into  benzoic  acid, 
saiiretin  and  glucose  (Firia) : 

C«H«0«  +  2H0  «  C"H«0*  -h  C"H«0»  +  C»H»0». 

Prophetin  is  decomposed  by  cbtlllition  with  hydrochloric  acid  into 
propheretin  and  sugar : 

C«H»OW  «  C«H»0'  +  4C"H>*0^    (Walx.) 

Quercitrm  is  decomposed  by  dilute  sulphuric  acid  into  quercetin  and 
quercitrin-sugar  (Rigaud): 

C?«H»0«  +  4H0  -  C<«H>'0»  +   2C»H«0».    (Hlaaiweti.) 

Quercetin  is   further  decomposed  by  boiling  with  potash-ley  into 
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quercetic  acid  and  phloroglucin  (p.  65).  (lEasiwctz.)  The  same  pro- 
ducts are  obtained,  but  in  different  proportions  by  the  decomposition 
of  Alpha-quercetin : 

C»8H»o»<   +  4H0  =  C»*HWO"  +  2C"H«0«.    (Hlasiwcti.) 

Quercitnn-sugar  is  obtained  as  a  light-yellow  syrup,  which  solidifies 
in  a  crystalline  mass  on  standing  for  a  few  days  over  sulphuric  acid, 
by  filtering  off  the  quercetin,  separating  the  sulphuric  acid  by  car- 
bonate of  baryta,  evaporating  on  the  water-bath,  decolorising  with 
animal  charcoal,  and  again  evaporating.  It  has  a  sweeter  taste  than 
dextro-glucose.  Does  not  rotate  the  plane  of  polarisation.  Dried  in 
vacuo,  it  contains  34'78  p.  c.  C,  7'2i  H.,  and  57*98  0.,  corresponding 
to  the  formula  C"H»H)»,3H0  (calc.  :  34-65  p.  c.  C,  7-47  H.)  When 
warmed  with  potassio-cupric  tartrate,  it  immediately  reduces  the  same 
quantity  of  cuprous  oxide  as  would  be  reduced  by  dextro-glucose. 
(Rigaud,  Ann.  Pharm,  90,  195.) 

Schunck's  JRubianic  acid  sphts  up  into  alizarin  and  sugar  when  boflcd 
with  dilute  sulphuric  acid,  or  with  aqueous  alkalis,  or  by  contact  with 
water  and  erythrozym.  C«H»0*'  +  5H0  =  2C"H»0*  (AUxarin.  acconi- 
injf  to  Schnnckj  see  xir,  137)  +  2C"H"0".— Rochledcr's  Buherythric  acid^ 
(yn^i^Qto  Qp  C^H'^O®',  perhaps  identical  with  the  last  substance,  yields 
the  same  products  when  heated  with  hydrochloric  acid.  C™H*0**  = 
SC^H'O*  4-  C"H"0»  H-  lOHO,  or  C«»H"0»»  =  2C*H«0»  +  1^  C»*H"0» 
+  3H0.  (Rochleder.) 

In  the  complicated  decomposition  of  Schunck's  Bubian  by  the  same 
reagents  and  by  chlorine,  sugar  is  obtained  together  with  various 
other  bodies.  Bubihydran  and  Buhidehydran  behave  in  the  same  way. 
(Schunck.) 

SaUcin  is  decomposed  into  saligenin  (xii,  233)  and  glucose  by  con- 
tact with  emulsin : 

C»H«0"  +   2H0  «  C"H80*  +  C"H"0»     (Pir».) 

The  sugar  is  in  every  respect  identical  with  dextro-glucose.  (Schmidt.) 
By  boiling  with  dilute  acids,  saliretin  is  obtained  in  place  of  saligenin 
(xii,  232).  (Piria.) 

Saponin  is  decomposed  into  sapogeniu  and  saponin-sugar  or  glucose, 
when  boiled  with  dilute  acids.    (Overbeck;  Rochleder  •&  Schwarz,  see 

p.    54.)      See  Saponin  for  the  conjectural  equation   of  decomposition.)     Senegin 

(isomeric  with  saponin,  according  to  Bolley)  yields,  besides  sapogenin,  a 
substance  which  reduces  potassio-cupric  tartrate.  (Bolley.) 

Saponin-sugar  remains  in  solution  after  the  sapogeniu  has  been 
filtered  off,  the  acid  removed  by  carbonate  or  oxide  of  lead,  and  the 
excess  of  lead  by  liydrosulphuric  acid  ;  and,  by  treatment  with  animal 
charcoal  and  evaporation,  is  obtained  as  a  tasteless,  yellowish  brown 
residue,  easily  soluble  in  water.  (Rochleder  &  Schwarz,  Wter>.  Akad, 
Ber,  11,  339.)— When  saponin  is  decomposed  with  dilute  sulphuric 
acid,  glucose  remains  in  solution  after  removal  of  the  excess  of  acid, 
and  may  be  obtained  crystallised  by  evaporation.  It  has  a  sweet  taste, 
and  reduces  an  alkaline  solution  of  cupric  oxide  in  the  cold.  (Overbeck, 
N,  Br,  Arch,  77,  135.)  Bolley  did  not  succeed  in  determining  saponin- 
sugar  (by  means  of  an  alkaline  solution  of  cupric  oxide  ?).  {Ann,  Fhanu, 
91,  120.)  Crawfurd  obtained  gum,  but  no  sugar,  from  saponin,  by 
means  of  dilute  sulphuric  acid.    {Pharm,  ViertefJ,  6,  361.)— Saponin- 
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BUgar  di-ied  at  lOO"*  contains,  according  to  Rochleder  &  Schwarz, 
41*99  p.  c.  C,  6*55  H.,  and  51*46  0.,  corresponding  to  the  formula 
C»H"0".     . 

Scammony-resin  (C«H«0«)  and  Scammonk  acid  (C*H»0«3H0)  split 
np  into  scammonolic  acid  and  sugar  when  boiled  with  dilute  acids  (or 
with  baryta- water) : 

C«H«0«  +   lOHO  «  C»H»0«  +  8C»H»20»*. 

like  jalapin  (p.  345),  therefore,  but  with  the  difference  that,  instead  of 
the  product  corresponding  to  jalappinol  (which  is  converted  by  strong 
bases  into  jalappic  acid),  a  product  containing  1  at.  water  less  is 

formed.  (Spirgatis.  — On  the  (highly  prohable)  identity  of  scammony-rasin  with 
jaUppin,  see  the  compounds  with  32  at.  carbon.) 

The  sugar  remains  in  solution  after  separation  of  the  scammonolic 
and  sulphuric  acids,  and  can  be  obtained  in  sweet-tasting  laminse 
grouped  in  caulifiower-like  shapes,  which  behave  like  glucose  with 
sulphate  of  copper  and  potash-ley,  when  heated,  and  when  fermented. 
(Spirgatis,  Ann.  PAan/t.  116,  305.) 

Smilacin  is  slowly  decomposed  when  boiled  with  hydrochloric  acid, 
with  separation  of  a  jelly  and  formation  of  sugar.  (0.  Gmelin,  Delffs, 
Walz.) 

Solanin  splits  up  into  solanidin  and  glucose,  when  boiled  with  dilute 
acids : 

C«NH?0O«  +  6H0  «  C»NH*>0*  +  3CWH»=0".    (Zwenger  &  Kind,  O.  Gmelin.) 

The  sugar  crytallises  well,  and  possesses  the  reactions  and  com- 
positions of  dextro-glucose.  (Zwenger  &  Kind,  Ann.  Pharm,  118,  149.) 
Rotatory  power  not  determined. 

Thujin  is  decomposed,  by  heating  its  alcoholic  solution  with  dilute 
acids,  into  thujetiu  and  sugar : 

C«Hao«  +  4HO  =  0»H"0"  +  C»HMOw. 

When  it  is  heated  for  a  shorter  time,  thujinenin  0*11**0"  may  also  be 
formed  in  place  of  the  thujetin.— Thujin,  heated  with  baryta- water, 
yields  thujctic  add  and  sugar: 

C«H«0»*  +   HO  =  C»H"0»  +   CWH«0».     (RocUcder  &  KawaUer.) 

When  thujin  has  been  decomposed  by  acids,  the  sugar  remains  in 
solution  after  removal  of  the  thujetin  and  sulphuric  acid  (by  carbonate 
of  baryta),  and,  by  evaporation  and  drying  at  100°,  is  obtained  as  a 
colourless  mass,  which  is.  easily  reduced  to  a  white  powder  when  cold, 
and  contains  39*83  p.  c.  C.,  and  6*81  H.,  corresponding  to  the  formula 
C"H"0" ;  its  aqueous  solution  does  not  ciystallise  even  after  standing 
for  several  months ;  it  reduces  the  same  quantity  of  cupric  oxide  as 
dextro-glucose.  The  sweet  sugar  of  the  same  composition,  produced 
by  the  action  of  baryta- water,  solidifies  (after  removal  of  the  baryta  by 
dilute  sulphuric  acid,  of  the  excess  of  sulphuric  acid  by  basic  acetate 
of  lead,  and  of  the  lead  hf  hydrosulphuric  acid)  to  a  crystalline  mass 
when  its  solution  is  allowed  to  stand  a  short  time  after  evaporation 
on  the  water-bath.  (Rochleder  &  Kawalier,  Wien.  AJcad,  Ber,  29,  12.) 

Xanthorhamntn  is  decomposed  into  rhamnetin  and  sugar  by  boiling 
with  dilute  acids : 

C«H»0»  +   6HO  »  C«H»«OW  +  2Ci*H»0».    (aeUatly.) 
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Sorbite. 

C»H}K)»»  or  C«'H«0»*. 

Pelouze.  CompL  rend.  84,  377 ;  N.  Ann.  Chim.  Phys.  85,  222 ;  N.  J. 
Pharm.  21,  821 ;  Ann.  Pharm.  88,  47;  J.pr.  Chem.  56,  21 ;  Phaarm. 
Centr.  1852,  257. 

Sorbite  exists  in  ripe  moQiitain-ssh  benriei»  the  froit  of  Sof^mg  A'ue^paria,  {ITmtd- 
huch,  Tiii,  Phytoehem,  17.)  Byschl  {N.  Rtpert.  3,  4)  did  not  succeed  in  obtaining 
crjstads  of  sorbite  from  the  jnice  of  fresh  moantain-ash  berries,  bat  foend  instead  an 
amorphous,  unfermentable  sugar  (Byschl's  aeiei^Aonf  tarhin),  which  dissolved  easily 
inalooboL 

Preparation.  The  expressed  juice  of  monntain-ash  berries,  gathered 
towards  the  end  of  September,  produces  deposits  and  vegetations  when 
left  to  itself  for  18  or  14  months,  and  at  last  becomes  clear  again. 
The  clear  hquid  is  decanted  and  evaporated  to  a  thick  syrup,  when  it 
yields  repeated  crops  of  crystals,  which  are  obtained  pure  by  two  crys- 
tallisations with  help  of  animal  charcoal. 

Properties.  Colourless,  transparent,  hard  crystals,  belonging  to 
the  rhombic  or  right  prismatic  system.  Fig.  58  without  t  and  a.  Bhom- 
bic  prism  y,  whose  edges  are  perpendicularly  truncated  by  »  andm; 
further  the  right  terminal  face/;  between  t  and  m  the  horizontal 
prism  M,  and  between  y  and  m  a  second  rhombic  prism  tf.  — y :  y  over 
|)  =  142°  68'  (obs.);  uiu  over  <  =  141®  11'  (obs.);  u:u  over  »i  = 
88**  49'  (calc.) ;  y:y  over  m  =  87**  T  (calc),  =  86'  26'  (obs.) ;  y:p  = 
161*26'  (calc);  5^:^  =  108°  88'  (calc),  =  108**  10'  (obs.);  y':y~ 
164°  20'  (obs.);  tt:e  =  160**  85'  (calc);  «:«  =  109^24'  (calc);  yzu 
=  96°  4'  (calc),  =  96°  82'  (obs.)  (Berthelot,  N.  Ann.  Chim.  Phys.  35, 
222). 

Grates  between  the  teeth.  As  sweet  as  cane-sugar.  Sp.  gr.  1"654 
at  15°.  Molecular  rotatory  power  at  7**  temperature,  [ajj  =  46-9^ 
only  slightly  variable  with  the  temperature,  and  just  as  great  in  a 
freshly-prepared  solution  (Berthelot,  Chim.  organ.  2,  252).  —  Contains 
equal  numbers  of  atoms  of  carbon,  hydrogen,  and  oxygen :  hence,  no 
doubt,  it  is  C"H«0»  (Pelouze). 

Decompositions.  1.  Oives  off  acid  water  when  heaiedf  and  is  con- 
verted after  some  time  at  150**  — 180°  into  a  dark-red  mass,  which 
consists  chiefly  of  Pelouze's  sorlic  acid.  [Not  the  same  as  Hofmann's  sorbic 
acid  {Ann,  Pharm.  110,  129;  Chem.  Soe.  Q«.  /.  12,  43.)]     On  dlsisolving  the 

residue,  which  is  insoluble  in  water,  aqueous  acids,  or  alcohol,  in  aqueous 
ammonia  or  potash,  a  dark-brown  solution  is  obtained,  from  which 
hydrochloric  add  throws  down  amorphous  dark-red  flakes;  those 
contain,  after  drying  between  120*  and  150°,  57*96  p.  c  C.,  5*51  H., 
and  86*58  0.,  corresponding,  according  to  Pelouze,  with  the  formula 
C"H"0".  Their  solution  in  ammonia- water  gives  coloured  precipitates 
with  metallic  salts;  with  lead-salts  one  containing  51*35  p.  c,  lead- 
oxide, —  C"H*"0",8PbO,  according  to  Pelouze. — 2.  Sorbite  melts  when 
quickly  heated  on  pUtinom-foily  and  bums  away  with  a  smell  of  cara- 
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meL  "^  3.  Hot  nitric  acid  converta  it  into  oxab'c  acid  (Pelouze.)  Oxi- 
dising agents  also  produce  raccmic  acid  (x.  346)  from  sorbite  (Des- 
saignes,  Bull.  Soc.  Ckim,  Paris,  1861, 32).  —  4.  Not  altered  when  heated 
with  dilute  acids ;  coloured  reddish-yellow  hj  oil  of  vitriol,  charred  on 
heating.  When  heated  for  several  hours  with  fuming  hydrochloric  acid^ 
it  is  converted  into  humous  substances  in  the  same  way  as  glucose 
(p.  315).  (Berthelot,  Chim.  organ.  2,  252.)  — 5.  Sorbite,  heated  to  100* 
with  tartaric  acid,  yields  a  small  quantity  of  a  substance  belonging  to 
the  class  of  saccharides  (p.  316),  whose  lime-salt  reduces  potassio- 
cupric  tartrate  (Berthelot,  N.  Ann.  Chim.  Phys.  54,  82).  —  6.  becomes 
brown  when  heated  with  potash-ley,  and  evolves  a  smell  of  caramel. 
Heated  with  lime,  hydrate  of  baryta,  or  oxide  of  lead,  it  behaves  in 
the  same  way.  —  7.  The  solution  of  cnpric  hydrate  in  aqueous  sorbite, 
and  aqueous  solution  of  sorbite  mixed  with  potamo-cupric  tartrate,  deposit 
cuprous  oxide  when  warmed  or  left  to  stand.  —  8.  Not  fermentable 
with  yeast  (Pelouze),  not  even  after  being  heated  with  acids,  but,  when 
left  to  stand  in  contact  with  cheese  andcAoiX-,  at  40^,  it  suffers  a  decom- 
position which  gives  rise  to  a  large  quantity  of  lactic  add,  alcohol,  and 
butyric  acid,  without  previous  formation  of  a  fermentable  sugar 
(Berthelot,  N.  Awn.  Chim.  Phys.  60,  850). 

Combinations.  Dissolves  in  about  ^  pt.  cold  water.  The  saturated 
solution  has  sp.  gr.  1*372  at  15°.— Forms,  with  chloride  of  sodium,  a  com- 
pound crystallising  in  cubes. — Aqueous  sorbite  dissolves  hydrate  of  lime 
and  hydrate  of  baryta.  The  solution  of  the  former  deposits  flocks  when 
heated,  decomposition  occurring  at  the  same  time. 

Sorbite  with  Lead-oxide. — Aqueous  sorbite  dissolves  oxide  of  lead;  it 
does  not  precipitate  basic  acetate  of  lead,  but  on  addition  of  ammonia 
throws  down  a  white  precipitate,  which,  while  being  dried,  smells  of 
caramel,  and  contains,  on  the  average,  74*5  p.  c.  oxide  of  lead,  11*2  C, 
and  1*48  H.,  corresponding  to  the  formula  0"HW,4PbO  (calculation : 
74.4  p.  a  lead-oxide,  12*0  C,  and  1-5  H.)    (Pelouze). 

Aqueous  sorbite  dissolves  cupric  hydrate,  •— '  It  is  insoluble  in  cold^ 
slightly  soluble  in  boiling,  alcohol  (Pelouze). 
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Jahresber.  1856,  667. — Ann.  Pharm.  105,  330:  Ahatr.J.pr.  Chetn. 

74,  125;  Chem.  Centr.  1858,  446;  Kopp's  Jahresber.  1858,  489. 
Cloetta.    Zuricher  Naturf.  Verhandl.  3,  402  and  4,  174;  Ann.  Pharm. 

99,  289;  /.  pr.  Chem.  66,  211  and  70,  112;  abstr.  N.  Ann,  Chim. 
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PA^5.  46,  369;  Chem.  Gaz.  1856,  61;  Lkb.  Kopp.  Jahresher/ IS55, 
747  and  1856,  708. 

Tnosin,  Phoieomannite.  Discovered  by  Scherer  in  1850.  —  E.  Simon, 
(-Z\r.  Br.  Arch.  29,  186),  designates  ^LsFhaseolin  a  substance,  extracted 
by  ether  from  the  alcoholic  extract  of  white  beans,  which  yields,  with 
cmulsin,  a  volatile  oil. 

Occurrence,  In  the  muscle  of  the  heart  (Scherer).  In  the  lungs, 
kidneys,  Uver,  and  spleen  of  oxen  (Cloetta),  also  in  the  brain  (W.  M'dl- 
ler).  In  the  human  kidneys,  and  in  the  urine  of  a  sufferer  from  Bright's 
disease  (Cloetta).  At  most,  to  the  extent  of  y^  P*  ^-  Many  other 
parts  of  the  animal  organism  have  been  examined  in  vain  for  inosite. 
(SeeHandbueh,yii\,Zoochem.  80,  205,  489, 512V — In  green  kidney-beans,  the 
unrij)e  fruit  of  Phaseolus  vulgaris  (as  much  as  f  p.  c.)  (Vohl). 

Preparation.  From  organs  of  the  animal  hody,  1.  The  muscle  of  the 
heart,  or  other  organs  containing  inosite,  is  exhausted  with  water  as 
directed  (x.  250)  in  the  case  of  creatine,  the  phosphates  are  precipitated 
from  the  liquid  by  baryta- water ;  the  filtrate  is  evaporated ;  and  the 
creatine  allowed  to  crystallise  out.  The  mother-ley  is  treated  with 
dilute  sulphuric  acid  to  remove  the  dissolved  baryta,  and,  after  removal 
of  the  sulphate  of  baryta,  heated  as  long  as  volatile  acids  escape.  It 
is  then,  in  order  to  remove  the  last  traces  of  volatile  acids  and  of 
lactic  acid,  repeatedly  shaken  np  with  ether  as  long  as  anything  is 
taken  up  from  it.  The  liquid,  separated  from  the  ether  is  mixed  with 
alcohol  till  a  turbidity  begins  to  appear ;  then,  after  standing  for  some 
time,  it  is  poured  off  from  the  precipitated  sulphate  of  potash,  and 
mixed  with  more  alcohol,  whereby  ciystals  of  inosite  mixed  with  sul- 
phate of  potash  are  obtained.  The  ciystals  of  the  former  are  picked 
out  and  dissolved  in  a  small  quantity  of  warm  water,  which  leaves  the 
more  difficultly  soluble  sulphate  of  potash,  and  are  purified  by  recrys- 
tallisation  (Scherer). — 2.  The  fresh-chopped  tissue  is  covered  with 
water,  and  allowed  to  stand  for  24  hours  in  a  cool  place  with  frequent 
stirring ;  the  liquid  is  then  separated  and  the  residue  pressed ;  the  solu- 
tion is  heated  with  a  little  acetic  acid  to  separate  albumin  and  hsema- 
tin ;  strained,  evaporated  on  the  water-bath  to  otie  tenth ;  precipitated 
with  sugar  of  lead,  and  filtered ;  and  the  filtrate  is  mixed  with  basic 
acetate  of  lead,  whereupon  inosite  is  thrown  down  in  combination  with 
oxide  of  lead,  accompanied,  when  these  are  present,  by  uric  acid,  cystin, 
and  other  substances.  The  precipitate,  after  being  somewhat  washed,  is 
decomposed  under  water  by  hydrosulphuric  acid,  and  the  liquid  fil- 
tered from  the  sulphide  of  lead ;  it  then  sometimes  deposits  crystals  of 
uric  acid,  and  when  evaporated  to  a  small  bulk  on  the  water-bath,  and 
mixed  with  alcohol  till  a  turbidity  is  produced,  it  yields  crystals  of 
inosite  (Cloetta).  Sugar  of  lead  may  also  be  added  at  once  to  the 
water  used  for  making  the  extract  (W.  Miiller.)  — 3.  The  liquid  from 
which  the  inosite  is  to  be  separated  is  concentrated  by  evaporation, 
and  mixed,  boiling,  with  three  or  four  measures  of  alcohol ;  if  a  large 
precipitate,  which  sticks  to  the  bottom,  is  thus  produced,  the  liquid  is 
poured  off  hot,  but  if  only  a  slight,  not  sticky,  precipitate  is  produced, 
the  hot  solution  is  filtered  through  a  previously  heated  funnel,  and  left 
to  stand  for  24  hours,  when  crystals  of  inosite  are  deposited,  and  are 
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washed  with  a  small  quantity  of  cold  alcohol.  If  the  precipitate 
caused  by  hot  alcohol  is  dissolved  in  a  small  quantity  of  boiling  water, 
and  treated  like  the  first  solution,  a  further  quantity  of  inosite  is 
obtained.  —  In  case  no  inosite  separates  from  the  cooled  solution,  the 
crystallisation  may  be  facilitated  by  adding  ether  till  a  turbidity  remains 
after  shaking  (Cooper  Lane,  Ann,  Pharm.  117,  118). 

From  French  beans.  —  The  fruit  cut  up  in  the  bean-mill  is  hung  in 
a  pressing  bag  for  half  an  hour  in  boiling  water,  or  in  steam,  whereby 
it  is  rendered  fit  for  pressing ;  the  expressed  hquid  is  then  evaporated 
to  a  syrup  on  a  water-bath,  and  alcohol  is  added  till  a  permanent  tur- 
bidity is  produced.  The  crystals  which  form  are  purified  by  repeated 
crystallisation  from  water  with  help  of  animal  charcoal  (Vohl).     Vohl 

formerly  destroyed  the  sugar  of  the  beaos  by  fermentation  at  the  beginning. 

Properties.  Anhydrous  inosite  is  obtained  by  drying  crystallised 
inosite  at  100°  or  in  vacuo,  as  a  wliite  effloresced  mass,  which  melts 
only  at  a  temperature  exceeding  210°, — then  yielding  a  colourless 
liquid,  which  solidifies  in  the  crystalline  state  when  quickly  cooled,  and 
to  an  amorphous  mass  when  cooled  slowly, — ^but  does  not  lose  weight  or 
undergo  further  alteration  (Scherer).  White,  opaque  ciystals  of  an- 
hydrous inosite  separate  when  the  aqueous  solution  is  cooled  below^0°. 
(Vohl.)    Tastes  purely  sweet,     lias  no  rotatory  power.    (Vohl.) 

at  100%  or  in  vacuo.  Scherer.  YohL  Qoetta. 

12  C  72     ....     40-00     ..M     40-12     40*03     40-00 

12  H  12    ....      6-67     ....      6-69    6*68    6-71 

12  O  96     ....     53-33     ....     63-19     5329     53*29 

CU|ii20i>    180    ....  100-00    ....  100-00    100-00    100-00 

Vohl  examined  inosite  from  beans. 

Decompositions.  1.  After  dehydrated  inosite  has  been  melted  above 
210°,  it  swells  up  when  more  strongly  heated^  and  evolves  gas 
which  bums  with  a  pale  blue  flame ;  it  is  afterwards  charred,  and  then 
bums  with  a  brightly  luminous  fame,  leaving  an  easily  combustible 
cinder.  (Scherer.)  When  quickly  heated,  it  gives  off  vapours  which 
excite  tears  and  produces  a  smell  of  burnt  sugar.  (Vohl.)  —  2.  Aqueous 
inosite  is  not  affected  by  ozone.  (Gtorup-Besanez,  Ann.  Pharm.  110, 
103.)  —  3.  The  solution  of  inosite  in  dilute  nitric  acid  does  not  give  off 
nitrous  acid  till  moderately  concentrated,  and,  after  evaporation  to 
dryness,  contains  oxalic  acid.  The  aqueous  solution  of  the  residue, 
freed  from  oxalic  acid  by  carbonate  of  lime,  deposits,  on  standing,  mag- 
nificent purple-red  flocks,  soluble  in  dilute  acids  and  precipitable  without 
alteration  by  ammonia.  (Vohl.)  When  aqueous  inosite  is  evaporated 
nearly  to  dryness  with  nitric  acid,  the  residue,  moistened  with  ammonia 
and  a  small  quantity  of  solution  of  chloride  of  calcium,  and  again 
evaporated,  leaves  a  rose-coloured  residue.  (Scherer,  Vohl.)  Inosite 
dissolves  without  evolution  of  gas  in  cold  or  boiling  nitric  acid  of  sp.  gr. 
1*52,  forming  a  solution  whence  oil  of  vitriol  precipitates  nitro-inosite. 
(Vohl.)  —  4.  Dissolves  without  coloration  in  cold  oil  of  vitriol,  or  in  oil 
of  vitriol  heated  to  100®,  and  is  not  blackened  till  more  strongly  heated^ 
and  then  evolves  sulphurous  acid.  TVohl.)  Inosite  is  not  altered  by 
boiling  with  dilute  acids.  (Scherer,  Vohl.) — 5.  May  be  boiled  with  con- 
centrated potash-ley,  or  with  baryta-water,  without  alteration  or  colora- 
tion.   (Scherer,  Vohl.)  —  6.  The  aqueous  solution  mixed  with  cuprk 
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sulphate  yields,  ou  addition  of  potadi-ley,  a  bluish  green  precipitate  which 
quickly  disappears  on  addition  of  excess  of  potash.  No  cuprous  oxide 
separates  from  the  solution  on  boiling,  but  a  light  blue  precipitate  falls 
when  the  liquid  is  left  to  stand  for  several  days.  (Scherer.)  Aaueous 
inosite  yields,  when  heated  with  potaaaw-cupric  tartrate^  a  green  solution, 
whence  a  bulky  green  precipitate  separates,  the  supernatant  liquid 
again  becoming  blue.  After  removing  the  precipitate,  the  filtrate 
shows  the  same  change  of  colour  when  heated.  (Cloetta.)  The  change 
of  colour,  which  occurs  on  heating  the  deep  azure-blue  mixture  of 
iaosite  and  potassio-cupric  tartrate,  is  not  remarkable,  and  is  due,  as 
well  as  the  production  of  the  precipitate,  to  the  pi^sence  of  traces  of 
foreign  substances.  (Vohl.)  —  7.  Inosite  is  not  capable  of  undergoing 
vinous  fennentation,  (Scherer.)  In  contact  with  cheese,  Jlesh,  or  de- 
caying menibratie,  and  chalk,  it  undergoes  lactous  fermentation,  car- 
bonic, lactic,  and  butyric  acids  being  formed.    (Scherer,  Vohl.) 

Combinations.  —  WUh  Water.  —  Hydrated  Inosite,  C»H"0»,4H0. 
Obtained  from  concentrated  solutions,  in  tabular  crystals  resembling 
gypsum,  an  inch  long  and  several  lines  broad.  (Vohl.)  Oblique  pris- 
matic crystals,  for  the  most  part  in  cauliflower-like  groups.  (Scherer.) 
Prisms  belonging  to  the  right  prismatic  system,  with  angles  of  138°  52' 
and  41°  8'.  (Cloetta.)  Sp.  gr.  1-1154  at  6°.  (Vohl.)  The  crystals 
become  white  and  opaque  in  dry  air,  in  vacuo  over  sulphuric  acid,  or  at 
100°,  and  lose  16*6  p.  c.  water  of  crystallisation  (4  at.  =  16*66  p.  c), 
being  converted  into  anhydrous  inosite.     (Scherer,  Vohl,  Cloetta.) 

Hvdrated  inosite  dissolves  in  6  pts.  water  at  19°  (Vohl),  in  6 J  pts. 
at  24  (Cloetta).  The  concentrated  solution,  of  sp.  gr.  1*0548  at  19°, 
is  not  syrupy,  and  not  subject  to  spontaneous  decomposition.    (Vohl.) 

Aqueous  inosite  dissolves  chloride  of  sodium  and  chloride  o/potassiumy 
which  crystallises  out  alone  on  evaporation.     (Vohl.) 

Solution  of  inosite  does  not  precipitate  solution  of  sugar  of  lead. 
Basic  acetate  of  lead  throws  down  from  aqueous  inosite  a  transparent 
jelly,  which  after  a  few  moments  becomes  pasty  and  white,  and  dries 
up,  after  being  washed  with  water  and  alcohol,  to  a  yellow  pulverisable 
mass,  which  at  100°,  contains  76*5  p.  c.  oxide  of  lead,  corresponding 
to  the  formula   C»H«0",5PbO  (calculation:   75*6  p.c.  lead  oxide). 

(Cloetta.)    The  formula  Ci>H"PbO^,4PbO,  wbirh  oontiuna  1  at  water  leai,  agrees 
better.     [Kr.]     Vohl  got  no  lead>salt  of  constant  composition. 

Shghtly  soluUe  in  cold  aqueous  alcohol,  more  soluble  at  the  boiling 
heat ;  insoluble  in  absolute  alcohol.    Does  not  dissolve  in  eth^r. 


Nitro-inosite. 

VoHi«.  he.  cit. 

Inotine  hexaniiriqtie.' 

Dehydrated  inosite  is  dissolved  in  nitric  acid  of  sp.  gr.  1*52  and  the 
solution  is  precipitated  with  oil  of  vitriol.  The  product,  which,  according 
to  the  tempei'ature  retained  by  the  mixture,  separates  either  as  powder  or 
as  oil-drops  which  solidify  to  ciystalline  masses,  is  well  washed  with 
water  and  recrystallised  from  boiling  alcohol. 
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Rhombohedrons,  often  Bome  lines  in  length.  Melts  to  an  oil  when 
heated,  and  solidifies  to  an  amorphous  mass  which  becomes  crystalUne 
after  a  few  days.     Permanent  in  dry  or  moist  air. 

Vohl. 

12  C 72     ....     16-00     1608 

6  N 84     ....     18-67     18*58 

6  H 6     ....       1-33     1-41 

36  0 288     ....     6400     63-93 

Ci2X«HfiO«   ....  450     ....  100-00     100*00 

Deflagrates  without  residue  when  quickly  heated^  and  detonates 
under  the  hammer. — Decomposed  when  warmed  with  concentrated 
acids — Dissolves  with  dark  brown  colour  and  evolution  of  ammonia  in 
cold  or  warm  potash-ley.  The  alkaline  solution  precipitates  cuprous 
oxide  from  potassio-cupric  tartrate^  and  a  mirror  of  metallic  silver  from 
ammonio-nitrate  of  silver,  —  Nitro-inosite  treated  with  nitric  acid, 
ammonia  and  chloride  of  calcium  shows  the  coloration  of  inosite  (p.  353). 

Insoluble  in  water;  dissolves  easily  in  alcohol. 


Scyllite. 

Stadeler  &  Freriohs.     J,  pr,   Chem.  73,  48  ;  Chem,  Centr.  1858,  372  ; 
Chejn.  Gaz,  1858,  281 ;  Kopp's  Jahresber,  1858,  650. 

Occurrence,  Most  abimdantly  in  the  kidneys  of  the  ray  and  shark, 
also  in  the  Hver  and  spleen  of  the  former  and  in  the  liver  and  gills  of 
the  latter.     In  the  kidneys  of  the  prickly  dog-fish. 

Preparation,  The  organs  of  the  above-mentioned  fishes,  triturated 
with  coarsely-powdered  glass,  are  stirred  up  with  1^  to  2  measures  of 
alcohol,  and  pressed,  the  residue  is  treated  again  with  a  small  quantity  of 
alcohol,  and  the  extracts  are  filtered  and  evaporated.  The  residue  is  dis- 
solved in  water ;  the  fat  and  undissolved  gelatinous  matter  are  filtered 
ofF;  and  the  filtrate  is  evaporated  to  a  syrup,  covered  with  hot  absolute 
alcohol,  and  left  to  stand  for  24  hours,  whereby  urea,  sometimes  also 
leucine,  tyrosine,  and  other  bodies  pass  into  solution,  while  a  brown 
mass  separates  out.  This  is  dissolved  in  water  and  left  to  evaporate 
spontaneously  until  crystals  have  separated,  which  are  then  removed 
from  the  mother-ley  and  freed  from  the  chloride  of  sodium,  which  has 
also  crystallised  out,  by  mechanical  selection.  The  crystals,  which 
are  either  taurine  or  scyllite,  or  a  mixture  of  both,  are  treated  with 
basic  acetate  of  lead  in  moderately  concentrated  solution,  and  so  yield 
the  insoluble  lead-compound  of  scyllite,  which  is  decomposed  under 
water  by  hydrosulphuric  acid.  The  scyllite  is  obtained  crystallised 
by  evaporating  the  solution  filtered  from  the  sulphide  of  lead,  or  by 
slowly  adding  alcohol  to  it. 

Properties,  Isolated,  well-developed  prisms  or  tables,  possessing  a 
strong  vitreous  lustre,  belonging  to  the  obhque  prismatic  system,  the 
base  abutting  on  the  acute  edge ;  when  rapidly  formed,  they  resemble 
inosite.     Taste,  slightly  sweet.    Permanent  in  the  air.    Neutral. 

2  a2 
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Decompositions.  Melts  with  difficulty  when  heated  in  a  glass  tube, 
swells  up  when  charred,  and  evolves  acid  vapours  and  a  smell  of 
caramel.  —  Bums  with  flame  upon  platinum  foil,  leaving  an  easily  com- 
bustible charcoal. — Not  altered  by  oil  of  vitriol,  either  colder  slightly 
warm ;  decomposed  when  heated,  with  evolution  of  sulphurous  add,  the 
solution  acquiring  a  yellow,  and  at  last  a  red-brown  colour. — ^Does  not 
colour  boiling  soda-ley,  or  reduce  cdkaline  cupric  solutions, — With  nitric 
acid,  ammonia  and  chloride  of  calcium,  it  does  not  behave  in  the  same  way 
as  inosite  (p.  353). 

Less  soluble  in  water  than  inosite.  Insoluble  in  cold  nitric  add  of 
sp.  gr.  1*3 ;  dissolves  slowly  in  the  same  acid  when  boiling,  and  is 
precipitated  without  alteration  by  alcohol. — Sugar  of  lead  does  not  pre- 
cipitate its  aqueous  solution ;  basic  acetate  of  lead  throws  down  a  pasty 
precipitate.  Insoluble  in  alcohol,  and  predpitable  thereby  from  its 
aqueous  solution. 


SaccharouUU  Substances  C"H*H)» 

Mannite. 

CI1H14011. 

Pkouot.     N.  GehL  2,  83 ;  Ann.  Chim.  57,  143. 

BucHHOLZ.     Taschenbuch,  1809,  150. 

A.  VoGEL.    Schw.  37,  365. 

Brendegkb.     N.  Br.  Arch.  16,  49. 

Favre.     N.  Ann.  Chim.  Phys.  11,  71  \  J.  pr.  Chem.  32,  362. 

Kkop  &  ScHNEDERiEAKK.  Ann.  Fharm.  49,  243. — Ann.  Fharm.  51, 
132 ;  J.  pr.  Chem.  32,  411. 

Leughtweiss.     Ann.  Fharm.  53, 128. 

Strecker.     Ann.  Fharm.  73,  68. — 92,  80. 

A.  Knop.  Fharm.  Centr.  1849,  801.— 1850,  49;  Ann.  Fharm.  74,  347; 
J.pr.  Chem.^S,  362. 

BERTfiELOT.  Combinations  with  acids:  Compt.  rend.  42,  1111 ;  J.pr. 
Chem.  69,  450 ;  Chem.  Centr.  1856,  625 ;  in  detail:  N.  Ann.  Chim. 
Fhys.  47,  297 ;  abstr.  Lieh.  Kopp.  JaJiresber.  1856,  652. — Fermenta- 
tion :  Compt.  rend.  43,  238 ;  N.  J.  Fharm.  30,  269 ;  J.  pr.  Chem. 
69,  454;  Chem.  Centr.  1856,  749  ;  in  detafl:  N.  Ann.  Chim.  Fhys. 
50,  322 ;  abstr.  Lieb.  Kopp.  Jahresber.  1856,  d^ ;  and  Kopp*s  Jahres- 
ber.  1857,509.— Occun-ence:  N.Ann.  Chim.  Fhys.  46,  83.— Solubility 
of  Lime  in  Mannite,  N.  Ann.  Chim.  Fhys.  46,  173  — CJdmie  organique, 
Paris,  1860,  vol.  2. 

Ubaldini.  Compt.  rend.  45,  1016 ;  N.  J.  Fharm.  37,  56  ;  J.  pr.  Chem, 
74,  221 ;  Chem.  Centr.  1858,  175 ;  in  detail :  N.  Ann.  Chim.  Fhys. 
57,213;  Cimmto,  7,  113. 

De  Luca.  Compt.  rend.  47,  295  ;  N.  J.  Fharm.  34,  353 ;  J.  pr.  Chem. 
77,  457. 

Gorup-Besakez.    Ann.  Fharm.  118,  257. 

Erlenmeyer  &  Wankxtn.  Zeitschr.  Ch.  Fharm,  4,  606  j  Free.  Roy. 
Soc.  11,  447. 

LiNNEMANN.     Ann.  Fharm.  123,  136. 

Af<anfMi.n^ar,Araiiiuiz»cA«r.— Discovered  in  1806  by  Proust, — Aeon- 
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stituent  of  the  manna  which  exudes  irom  Fraxintts  rotundifoUcL^  F.  Omus 
and  F,  excelsior;  according  to  Leuchtweiss  {Ann,  Pkarm,  53, 127),  it  forms 
42*6  p.  c.  of  Manna  canellata^  37*6  p.  c.  of  M.  canellata  mfragmentis,  32  p.  c. 
of  M.  calabrma, — It  is  found  in  the  manna  from  the  Cape  Verd  Islands 
(Berthelot);  in  the  manna  of  the  spindle-tree,  produced  by  the  punctures 
of  Aphis  Evonymi  (Lassaigne,  J.  Pharm.  4,  526) ;  in  the  honey-dew  of 
the  lime-tree  (Langlois,  J,  pr.  Chem.  29,  444 ;  Reinsch,  Jahrb.  pr, 
Pharm.  14,  153) ;  in  Lactucarrum  (Ludwig,  N.  Br,  Arch,  50,  1 ; 
Aubergier). — It  remains  doubtful  wnether  mannite  is  contained  in: 
the  manna  of  Pinus  ptceoy  which,  according  to  Barwinkel  (Berl,  Jahrb. 
26,  1,  191)  behaves  like  ash-tree  manna ;  in  the  honey-dew  which, 
according  to  Wahlenberg,  exudes  from  the  leaves  of  Hedysarum  Alhagi^ 
of  various  oriental  oaks,  Ficus  bengalensis,  Phcenix  dactylifei^Oy  Acer  plan- 
tanmdes ;  in  the  manna  which  exudes  from  the  young  twigs  of  Quercus 
bengalensis,  from  the  trunk  and  boughs  of  Ceratonia  Siliquoj  and  from 
Heracleum  sibiricum  and  various  species  of  Carex  when  dried.  —  For  the 
comporitioii  of  the  manna  of  Sinai  and  that  of  Kurdistan,  seepage  241. 

The  following  plants  and  parts  of  plants  contain  mannite  ready 
formed:  the  roots  of  Aconitum  Napellus  (T.  &  H.  Smith,  Pharm,  J,  Trans. 
10,  124 ;  Lieb.  Kopp,  Jahresber,  1850,  635),  of  celery,  from  Apium  graveo- 
lens  (Hiibner,  N.  Tr.  4,  1,  308  ;  Payen,  Ann,  Chim.  Phys.  55,  219) ;  of 
Meum  athamanticum  (Reinsch,  Jahrb.  pr.  Pharm.  14,  389)  ;  of  CEnanthe 
crocata  {Handbuch^vm.  Phytochem,  46);  of  Polypodium  vulgare  (DesfosSes, 
ibid.  92);  of  Scorzonera  hispanica  (Witting,  N.  Br.  Arch.  106,  286);  the 
root-bark  of  Tunica  Granatum  [constituting  Latour's  Granatin.  (J. 
Pharm.  17,  513  and  601)].  (Mitouard,  Boutron-Oharlard  &  Guillemette, 
J.  Pharm.  21,  169;  Ann.  Pkarm.  14,  221);  the  roots  of  Triticum  repens. 

(Yolcker.)   The  mannite  existing  in  the  extract  of  the  last-named  root  was  distin- 
guished by  Pfaff  {Mai.  med.  6,  110)  as  grast-root  sugar  {Graavmrzelzueker)  ;  it  is 
perhaps  not  always  present,  wherefore  Stenhouse  {Arm.  Pharm.  51,  354)  did  not  find 
ar.y ;  sometimes  however  it  exists  in  considerable  quantities.  (Volcker,  Ann,  Pharm. 
59,  380.)  —  The  bark  of  Canellaalba  (Handbuch,  viii.  Phytochem.  27)  con' 
tains  about  8  p.  c.  of  mannite  (W.  Mayer  &  Reiche,  Ann.  Pharm.  47, 234), 
not,  as  supposed  by  Petroz  &  Robinet  (J.  Pharm.  8, 198),  a  peculiar  kind 
of  sugar ;  that  of  Fraxinus  excelsior  contains  mannite  [teller's  Fraxinin 
(Repert.  44,  438)].  (Rochleder  &  Schwarz,  Ann.  Pharm.  87,  198 ;  Sten- 
house, knn.  Pharm.  91,  255.)  —  The  leaves  (Roussin,  J.  Chim.  med.  27, 
754)  and  young  twig^  of  Syringa  vulgaris  contain  mannite  [which,  mixed 
with  Lilacin,  constitutes  Bemays'  Syrtngin  (Repert,  24,  348)],  (Ludwig, 
N.  Br,  Arch.  91,  289) :  also  the  leaves  of  Ligustrum  vulgare  ^Polex ; 
Kromayer,  N.  Br.  Arch.  101, 281),  celery-leaves  (Vogel),  the  foliage  of 
Cocos  nucifera  (Bizio,  J.  Pharm.  19,  455);  the  fruit  of  Lauras  Persea 
(Avequin,  Ann,  Pharm.  32,  313  ;  Melsens,  Ann.  Chim.  Phys.  72,  109),  of 
Cactus  opuntia  (De  Luca,  Cimento,  3,  407).  —  Coffee-beans  contain  man- 
nite, according  to  Dobereiner  {N.  Br.  Arch.  43, 27).     Ergot  of  one  year 
contained  mannite,  that  of  another  year  mycose  (p.  301).  (Mitscherlich.) 
— Many/un^* contain  mannite  (see  p.  301 ;  also  Handbuch,Ym.  Phytochem^ 
97).  —  On  algcB  (Handbuch,  viii.  Phytochem,  93)  there  is  often  found  an 
efflorescence   of   mannite    (Vauquelin,  Graultier  de  Claubry),  which, 
according  to  Stenhouse  {Ann.  Pharm.  51,  349)  may  also  be  obtained 
from  the  dry  alg»  ;  according  to  Phipson  {Compt.  rend.  43,  1056 ; 
Chem.  Centr.  1857,  77),  mannite  does  not  exist  in  fresh  algse,  but  is 
formed,  aocordmg  to  him  and  to  Soubeiran  {N.  J.  Pharm.  31,  219), 
from  vegetable  mucilage  by  fermentation. 
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Gmelin  is  also  inclined  to  regard  as  mannite,  Httnefeld's  Prinndhi  (/.  fir,  Ohem. 
7,  58  ;  N,  Br.  Arch,  8,  249)  obtained  from  the  roots  of  Primula  peris. 

Formation,  Under  the  influence  of  the  peculiar  ferment  which 
excites  mucous  fermentation,  cane-sugar  (and  therefore  no  doubt  also 
dextro-  and  IsBvo-glucose)  spUts  up  into  mannite,  carbonic  add,  and 
gum.     (Pasteur,  Bull.  Soc,  Chim,  Patis,  1861,  30 ;  see  p.  280). 

Mannite  can  be  obtained  after  fermentation  from  vegetable  juiccB 
which  previously  did  not  contain  any.  (Fourcroy  &  Vauquelin ;  Pelouze, 
Ann,  Chim,  Phys,  47,  411.)  No  mannite  is  formed  when  the  sugar  of 
carrot-iuice  ferments  by  itself,  but  when  the  pectin-substances  are  left 
in  it,  the  juice  getd  thick,  like  white  of  e^g^  and  produces  mannite. 
(Vauquelin.)  The  presence  of  mannite  after  fermentation  has  been 
observed  in  the  juice  of  onions  (Fourcroy  &  Vauquelin,  Ann,  Chim, 
65,  166;  N,  Gehl.  6,357);  in  mangold- wui*zel  juice  (Braconnot,  Ann, 
Chim.  85,  95  ;  Jules  Gay-Lussac  &  Pelouze,  see  zi»  478) ;  in  extract  of 
jalap-root  (Herberger,  Jahrb.  pr.  Pharm.  4,  8);  in  the  juice  of  the 
tubers  of  Heliantkus  tuberosus  (Braconnot) ;  of  Cyclamen  europceum  (De 
Luca,  CompU  rend.  47,  296) ;  in  the  aqueous  extract  of  the  roots  of 
Taraxacum  officinale  (Frickhinger,  Repert.  73,  55;  T.  &  H.  Smith, 
J.  Chim,  med.  26,  135);  further,  in  lactous  fermentation  (Boutron  & 
Fremy,  see  xi,  473 ;  Bensch,  Ann.  Pharm.  61,  174) ;  in  the  preparation 
of  lactic  acid  by  Bensch's  process  (xi,  475),  if  the  fermentation  has 
gone  on  between  0°  and  20°  (Strecker,  Ann.  Pharm.  92,  80);  in  the 
fermentation  of  honey  (Guibourt,  Ann.  C/iim.  Phys.  16,  371). 

Mannite  exists  in  cider  after  the  vinous  fermentation  has  had  its 
regular  course ;  it  is  perhaps  present,  ready-formed,  in  the  apples. 
(Berthelot.) 

The  sugar  which  results  from  the  decomposition  of  kinovin  by 
alcoholic  hydrochloric  acid  is  identical  with,  or  allied  to,  mannitan. 
(Hlasiwetz.— See  page  345.)  —  According  to  Fremy  (/.  pr,  Chem,  8, 
197),  mannite  is  produced  by  boiling  starch  with  acids,  and  may  be 
extracted  by  alcohol  from  the  dextro-glucose. 

From  inverse-sugar,  by  the  action  of  sodium-amalgam  on  its 
neutral  aqueous  solution : 

CWH«0»3     +     H*     -     C"H"0».     (Unnemann.) 
Sugar.  Mannite. 

Pr^araHon,  From  Manna.  1.  Manna  is  dissolved  in  3  pts.  water,  the 
solution  precipitated  with  basic  acetate  of  lead ;  the  lead  removed  from 
the  filtrate  by  hydrosulphuric  acid ;  the  solution  evaporated  to  a  syrup 
after  separation  of  the  sulphide  of  lead,  and  the  syrup  poured  into 
hot  alcohol:  mannite  then  crystallises  out  on  cooUng.  (Bonsall, 
N.  Br.  Arch.  84,  70.) — 2.  Fermenting  yeast  is  added  to  the  aqueous 
solution  of  manna,  in  order  to  destroy  the  sugar  contained  in  it ;  and  the 
liquid  is  decolorised  with  animal  charcoal  when  the  fermentation  is 
complete,  and  then  evaporated  to  the  crystallising  point,  the  crystals 
being  purified  by  recrystallisation  from  boiling  alcohol  of  82  p.  c 
(Leuchtweiss.)  —  3.  Manna  is  dissolved  in  half  its  weight  of  rain- 
water ;  the  solution  is  clarified  with  white  of  egg,  and  strained  boiling 
hot  through  a  woollen  bag ;  the  crystalline  mass  obtained  on  cooling 
is  stirred  up  to  a  pulp,  drained  and  pressed ;  and  the  liquid  that  runs 
away  is  concentrated  and  treated  in  the  same  way.    The  cake  of 
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mannite  so  obtained  is  purified  by  being  stirred  up  with  water  to  a  thick 
pulp,  the  liquid  is  allowed  to  drain  away,  and  what  is  left  is  pressed 
out ;  the  remaining  mannite  is  dissolved  in  6  or  7  pts.  of  hot  water,  and 
the  solution  treated  with  animal  charcoal,  filtered  hot,  evaporated,  and 
left  to  crystallise  (Ruspini,  Ann.  Pfiarm,  65,  203  ;  Lieb.  Kopp.  Jahresber. 
1847  and  1848,  793).  —  4.  Manna  is  boiled  with  aqueous  alcohol,  the 
solution  is  filtered  hot,  and  the  crystals  which  separate  are  purified 
by  crystallisation  from  water  or  alcohol  (Proust.)  The  manna  con- 
tained in  fermented  liquids  is  obtained  by  exhausting  the  extract  with 
alcohol,  after  previously  removing,  when  necessary,  the  substances 
precipitable  by  basic  acetate  of  lead. 

Properties.  Long  prisms  or  needles,  more  rarely  short  prisms  be* 
longing  to  the  rhombic  or  right  prismatic  system,  sometimes  grouped 
together  in  bundles,  united  into  sheaves,  or  arranged  in  stars.  Com- 
monly a  rhombic  prism  y  (Fig.  63),  whose  acute  lateral  edges  are 
truncated  perpendicularly  by  m,  the  summits  being  bevelled  by  i* ;  or  a 
rhombic  prism  y,  whose  acute  edges  are  perpendicularly  truncated  by 
m,  and  obtuse  edges  by  p ;  between  y  and  m  a  second  prism  y',  and 
besides  the  bevelling  face  v,  a  second  horizontal  prism  u'  between 
u  and  m.  u'  :  td  (above)  =  125"  3'  (observed)  \  u'  :  u'  (over  m)  = 
64^  67'  (calculated);  m  :  d^UT  28'-5  (calc),  =  117°  26'-6  (obs.); 
y  :  y  (over  m)  =  60**  31'  (obs.)  \  y\y  (over;>)  =  129"*  29'(  calc.)  \  mxy 
=  115*  15'-6  (calc),  =  1J6°  18'  (obs.) ',  qiy^  154°44'-5  (calc);  m  :  u 
=  104°  36'  (calc) ;  «  :  u  (above)  =  150*^  48'  (obs.) ;  «  :  i*'  =  le?''  8'-5 
(obs.);  p  I  y  =  136°  40'-5  (obs.);  w  :  y'  =  133°  19'-5  (obs.);  y  :  y' 
(over  to)  =  86°  39'  (obs.).— Different  vertical  prisms  occur  in  other 
crystals,  whereon  Schabus  observed  the  following  angles : —  to  :  y"  = 
103°  10' ;  J9  :  y"  =  139°  46' ;  to  :  ^^  =  163°  4' ;  ;?  :  y^  =  173°  20'. 
The  surface  of  the  acicular  crystals  smooth  and  even ;  the  vertical 
faces  of  the  prismatic  crystals,  with  the  exception  of  y,  to,  and  py  ver- 
tically striated.  Cleavage  very  perfect  parallel  to  to,  less  perfect  parallel 
to  p.  perpendicular  to  these  directions  very  slight.  Fracture  conchoidal. 
Lustre  vitreous  on  u  and  w',  pearly  on  to  ;  the  vertical  prisms  have  a 
pearly  vitreous  lustre.  Transparent,  semi-transparent,  colourless  to 
white.  Streak  white.  Hardness  =  2*5.  (Schabus,  Krystallgest.  Wien, 
1856  87.^ 

Melts  at  166°  (Favre),  164°  to  165''  (De  Luca),  165°  (Berthelot), 
between  165"  and  166°  (Linnemann),  and  solidifies  (at  162° :  Favre)  when 
cooled  below  140°,  to  a  crystalline  mass.  Volatilises  slowly  when  kept 
melted,  and  sublimes  without  alteration ;  enters  into  ebulhtion  at  about 
200°,  part  subliming  or  distilling  over  with  the  water,  and  part  beine 
converted  into  mannitan,  most  of  it,  however,  remaining  unchanged. 
Small  quantities  can  be  volatilised  almost  completely  on  platinum  foil. 
Does  not  diminish  in  weight  when  heated  for  a  long  time  to  120°. 
(Berthelot.)  Tastes  shghtly  and  agreeably  sweet.  Acts  as  a  purgative. 
(Vogel.)  Becomes  luminous  by  friction.  (Bonastre,  J.  Phat^m.  19,  632.) 
Neutral — Has  no  rotatory  power.  (Blot,  CompLreiid.  10,49;  Ventzke). 

Prout.         Liebig.       Kircher.  Knop  &       Linne- 

Schnedermann.   mann. 
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Saussnre,  Oppermann  {Pogg»  23,  443).  and  many  others,  have  also  analysed  man- 
nite.  Liebig  {Ann.  Pharm,  9,  23)  calculated  the  true  fonnula  from  Oppennann'a 
analyges,  and  it  was  definitely  established  by  Strecker's  analyses  of  nitro-mannite. 
Earlier  formula :  C»H»«0«  (Prou«t),  C7H«0*  (Sanssure),  CPH^O*  (Knop  &  Schneder- 
mann).     Instead  of  the  above  formula,  some  chemists  adopt  half  its  value  C^H^O".^ 

Decompositions,  1.  See  above.  When  heated,  mannite  does  not  swell 
up  below  250° ;  it  afterwards  decomposes,  and  bums  away  in  contact 
with  the  £dr  with  flame  and  a  smell  of  caramel,  and  leaves  a  delicate, 
soft,  and  lustreless  charcoal.  —  On  dry  distillation,  it  evolves  a  smell  of 
acrolein.  (Redtenbacher,  Ann,  Pkarm,  47,  148.)  —  2.  Manna,  which, 
when  fresh  and  pure  is  unfermen table,  becomes  when  kept,  translucent, 
sticky,  and  deliquescent  in  the  air,  and  is  then  fermentable.  (Lhermite, 
Compi,  rend,  34,  114.)  Berthelot  {N,  Ann,  Chim,  Phys,  50,  838)  also 
found  in  manna  10  to  15  p.  c.  sugar,  which  did  not  increase  in  quantity 
by  keeping  in  a  moist,  dark  place. 

3.  A  mixture  of  mannite  and  platmuni'sponge,  in  contact  with  air 
between  80°  and  40°,  soon  acquires  an  acid  reaction,  evolves  carbonic 
and  formic  acids,  and  co:itaias  mannitic  acid,  mannitose  (p.  389),  and  a 
product  allied  to  mannitan.  (Gorup-Besanez.)  At  higher  temperatures 
coloured  decomposition-products  of  mannitic  acid,  and  perhaps  also 
saccharic  acid,  are  produced ;  if  the  mixtiu-e  gets  dry,  it  may  become 
red-hot.  When  a  concentrated  aqueous  solution  of  mannite  is  dropped 
on  platinum-sponge,  heat  is  evolved,  and  white  clouds  formed^  while  an 
odour  of  of  caramel  becomes  perceptible  and  volatile  acids  are  produced. 
(Gorup-Besanez.)  The  products  first  formed  are  completely  decom- 
posed into  carbonic  acid  and  water  by  the  further  action  of  oxygen. 
(Dobereiner,  J,pr,  Chem,  28,  498 ;  29,  452.  —  See  also  Backhaus,  N,  Rfpert, 
9,  283.) 

4.  Nitric  acid  converts  mannite  into  saccharic  and  oxalic  acids, 
without  producing  mucic  acid  (Scheele,  Fourcroy  &  Vauquelin,  Buch- 
holz).  Mannite  dissolves  in  nitrio  acid  without  coloration  or  evolu- 
tion of  gas ;  and  when  the  solution  is  warmed  until  reddish-yellow 
vapours  are  given  off,  a  tumultuous  evolution  of  gas  sets  in,  even  after 
removal  of  the  fire,  and  continues  for  about  half-an-hour ;  after  it  has 
ceased,  the  liquid  contains  neither  mannite  nor  saccharic  acid,  but  an 
acid  which  forms,  with  bases,  salts  similar  to,  or  identical  with,  those 
of  mannitic  acid.  A  fermentable  sugar,  probably  mannitose  (p.  339), 
is  formed  at  the  same  time  (Gorup-Besanez).  When  mannite  is  heated 
with  nitric  acid,  according  to  Liebig's  method  (see  Milk-isugar,  p.  220), 
racemic  acid  is  formed,  but  in  smaller  quantity  than  when  dulcitc  is  - 
similarly  treated,  and  is  not  accompanied  by  a  trace  of  tartaric  or 
antitartaric  acid  (x.  365),  but  by  a  very  small  quantity  of  an  acid 
agreeing  in  its  properties  with  mucic  acid  (Carlet^  Compt,  rend,  53,  343. 

— See  also  Dulcite.)  Pronst  and  Thenard  (iV.  GeH.  2,  217).  believed  they  had  obtained 
mucic  acid  from  mannite,  the  latter  to  the  extent  of  about  50  p.  c.  According  to  Back- 
haus  {N.  Reperi.  9,  289),  who  could  not  obtain  any  tartaric  acid  from  1  pound  of 
mannite,  the  mucic  acid  proceeds  from  the  gum  oi  the  manna,  which,  when  the  mannite 
is  incompletely  purified,  adheres  obstinately  to  it. 

5.  Mannite  distilled  with  peroxide  of  manganese  and  dilute  sulphuric 
acid,  evolves  carbonic  acid,  while  acrolein  and  formic  acid  pass  over  in 
the  distillate  (Backhaus,  N,  Eepert,  9,  289).— 6.  Mannite  takes  fire  when 
triturated  with  6  pts.  peroxide  of  lead  (Bottger).     Heated  with  per- 
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oxide  of  lead  and  water,  it  yields  formic  acid,  gum,  and  an  acetyl-like 
substance  (Dobereiner,  J.  pr.  Chem.  28,  498) ;  only  a  little  carbonic 
acid  is  evolved,  but  on  addition  of  sulphuric  acid,  formic  acid  distils 
over  (Leuchtweiss).  When  mannite  is  mixed  with  bichromate  oj 
potash  and  sulphuric  acid,  carbonic  acid  and  aqueous  formic  acid  are  given 
off  (Leuchtweiss). 

7.  Distilled  with  excess  of  concentrated  h/driodic  acia(b.p.  125°), 
in  a  stream  of  carbonic  acid,  it  yields  iodide  of  hexyl. 

C»H"0'*  +  lira  =  C"H"I  +  12H0  +  r»  (96  grm.  mannite  gave  83  gnn. 
iodide  of  hezy].)     (Erlenmeyer  &  Wanklyn). 

8.  On  heating  a  mixture  of  equal  atoms  of  mannite  and  hiniodide  oJ 
phosphorus  to  a  little  above  the  melting  point  of  the  latter,  great  heat 
is  disengaged,  so  that,  even  with  small  quantities,  incandescence  may 
take  place,  and  vapours  of  iodine  and  of  hydriodic  acid  are  evolved,  while 
an  aqueous  and  oily  distillate  passes  over,  and  charcoal  remains.  If 
broken  glass  is  added  to  the  mixture  in  order  to  moderate  the  action, 
and  it  is  heated  by  small  quantities  at  a  time  until  the  reaction  com- 
mences, the  product  being  then  covered  with  water  and  distilled,  there 
passes  over  with  the  aqueous  vapour  a  heavy  oil,  coloured  by  free 
iodine,  and  possessing  a  burning,  sweet  taste  and  aromatic  smell. 
After  removal  of  the  free  iodine  and  water,  this  oil  begins  to  boil  at 
a  comparatively  low  temperature :  the  boiling  point,  however,  soon 
rises,  and  the  oil  passes  over  in  part  at  170°,  iodine  being  liberated,  and 
contains,  on  an  average,  34*74  p.  c.  C,  6*14  H.,  and  59*12  L,  cor- 
responding nearly  to  a  mixture  of  iodides  C"H°'^^I.      [Iodide  of  hexyl, 

C"H"I  (sec  decomposition  7)  containa  33-96  C.  6-13  H.  and  59*91 1.  (W.)]    Heated 

to  100°  with  oxide  of  silver,  it  is  converted,  in  a  few  hours,  into  a  non- 
iodised  oil  of  variable  boiling-point  (the  part  which  distila  between  75»  and 
130^  containa  62*8  p.  c.  C,  10*7  H.,  and  26*5  O.;  that  which  distils  between  \bO** 
and  200«,  containa  74*66  p.  c.  €.,13*14  H.,  and  1220  O.— ),  which  yields,   with 

oil  of  vitriol,  a  conjugated  acid,  and  acid  products  by  oxidation  (Buttlerow, 
Chem.  Centr.  1857, 393).  Hence  Buttlerow  thinks  it  probable  that  com- 
pounds of  the  formulae  C°H""*  and  C**HnP  are  mixed  with  the  iodised 
oil,  and  regards  the  oil  freed  from  iodine  as  a  mixture  of  ethers  con- 
taining oxygen  in  place  of  the  iodine.  More  recently  he  detected 
iodide  of  methylene,  C'H'P,  among  the  constituents  of  the  iodised  oil, 
inasmuch  as  dioxymethylene,  C*H*0*  (which  is  produced  by  the  action 
of  iodide  of  methylene  on  oxalate  of  silver)  occurs  among  the  products 
of  the  action  of  oxalate  of  silver  upon  it  (Buttlerow,  Ann.  Pharm. 
Ill,  247).  —  9.  On  heating  mannite  with  ^omme and  water  in  a  sealed 
tube,  hydrobromic  acid  is  produced,  causing  the  liquid  to  become  dark- 
brown  soon  after  the  disappearance  of  the  bromine,  and  humous  sub- 
stances to  be  formed  (Barth  &  Hlasiwetz,  Ann.  Pharm.  122,  111). 

10.  Mannite,  heated  for  several  hours  to  150**  with  syrupy  aqueous 
phosphoric  add,  yields  a  small  quantity  of  manni-phosphoric  acid,  the 
lime-salt  of  which  may  be  obtained  as  a  jelly  by  dissolving  the  product 
in  water,  neutralising  with  chalk,  and  precipitating  the  filtrate 
with  alcohol  (Berthelot.) — 11.  By  dissolving  mannite  in  oil  of  vitriol, 
manni-bisulphuric  acid  and  manni-tersulphuric  acid  are  produced.  (See 
below.)    The  solution  does  not  blacken  even  when  heated  to  100°.  — 
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12.  Mannite  dissolves,  without  evolution  of  gas,  in  fuming  nitric  acid; 
oil  of  vitriol  throws  down  from  the  solution  nitromannite  (Donionte  & 
Menard,  Strecker).  —  13.  Mannite  scarcely  absorbs  hydrochloric  acid 
gas  even  at  100°,  but  when  long  heated  to  100°  with  fuming  aqueous 
hydrochloric  acid,  in  a  sealed  tube,  it  yields  chlorhydro-mannitan, 
and,  by  several  days'  boiling,  mannitan  (Berthelot).  — 14.  Moist 
arsenic  acid  colours  mannite  brick-red  in  a  few  days  (Eisner,  Schw. 
60,348). 

Mannite  combines  with  mono-,  bi-,  and  ter-basic  acids,  with  elimi- 
nation of  water,  forming  the  mcmnitatiddesy  a  class  of  compounds  corre- 
sponding to  the  mono-saccharides  (p.  316),  in  which  the  properties  of 
the  acid  and  of  mannite  are  concealed,  but  which  are  capable  of  under- 
going decomposition  by  taking  up  again  part  of  the  eliminated  water, 
so  as  to  yield  the  original  acid  and  mannitan  (Berthelot). 

The  mannitanides  are  obtained  from  the  acids  and  mannite,  some- 
times by  merely  bringing  them  together  at  common  temperatures 
or  at  100°,  but  more  commonly  by  heating  them  for  a  long  time  to 
200°  or  250°  ;  never  more  than  part  of  the  acid  and  of  the  mannite 
enters  into  combination,  the  greater  portion  of  both  remaining  imcom- 
bined.  —  The  mannitanides  resemble  the  natural  fats,  and  are  decom- 
posible  by  water  at  240°,  or  by  alkalis  at  100°,  for  the  most  part, 
however,  only  with  diflBculty  and  by  long-continued  action.  In  all 
such  cases  it  is  mannitan  that  separates  out,  except  that,  by  further 
fixation  of  water,  a  portion  of  it  is  converted  into  mannite.  In  this 
respect,  and  so  far  as  regards  the  quantity  of  water  separated  in  the 
formation  of  the  mannitanides,  it  is  mannitan  (and  not  mannite)  that  is 
an  analogue  of  alcohol  (Berthelot). 

A.  Mannite  and  monobasic  acids  furnish  three  distinct  classes  of 
compounds. 

a.  Formed  by  the  combination  of  1  at.  mannitan  with  2  at.  acid 
and  elimination  of  4  at.  water. 

C"H»-OW     +     2C*HK)<     -     C»H»0"     +     4HO. 

Mannitan.         Botyric  acid.        Bibutyro- 

mannitan. 

Berthelot  also  reckons  chlorhydro-mannitan  as  belonging  to  this 
class: 

C>2HttO»»  +  2HCi  «  C»H»C1«0«  +   4H0. 

h.  From  1  at.  mannitan  and  4  at.  acid,  with  elimination  of  4  or  8 
at.  water : 

Ci3H»OW     +     4C8HH)*     -     C«H«0»     +     8HO. 

Quadributyro- 
mannitan. 

CiSHKQW     +     4C»H»0*     «     C"«H»"0«     +     4H0. 
Stearic  acid.     Bistearo-mannitan. 

c.  From  1  at.  mannitan  and  6  at.  add,  with  elimination  of  6  at. 
water. 

QU^MQio     +     6C><H»0«     -     0»H»^a     +     12Ha 

Tentearo-mannitan. 

B.  The  compounds  produced  by  heating  mannite  with  bibasic  acids 
are  formed,  according  to  Berthelot, — 
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a.  From  1  at.  mannitan  and  1  at.  acid,  with  elimination  of  4  at. 
water. 

Berthelot  classes  here  kinovin  (p.  345),  from  whose  formula  he 
deducts  2  at.  water  given  off  between  160°  and  180°.  Van  Benunelen's 
Bucciuo-mannitan  belongs  to  this  class : 

CWH"OM     +     C?H«0«     «     C»H"0"     +     4HO. 

Mannitan.  Succinic  Succino- 

acid.  mannitan. 

b.  From  1  at.  mannitan  and  2  at.  acid,  with  eUmination  of  4  at. 
water : 

Ci3H»ou»     +     2S«H308     =     C>2H»20M,S<0"     +     4H0. 

2  at.  salphoric      Mannibisulphuric 
acid.  acid. 

c.  From  1  at.  mannitan  and  8  at.  acid,  with  elimination  of  4  at. 
water: 

Ci<H>sO"»     +     aSm^O*     ^     C>3H«OW,S«0»»,H20=     +     4H0. 

3  at.  sulphuric  Mannitertulphuric 

acid.  acid. 

d.  From  1  at.  mannitan  and  6  at.  acid,  with  elimination  of  12  at. 
water : 

C"H»K)»o     +     6C8H«OW     -     C«H»0'"»     +     12HO. 

Tartaric  acid.      Mannitartaric 

acid. 

C.  By  heating  mannite  with  the  terbasic  acidy  citric  acid,  citro-  and 
bicitro-mannitan  are  formed. 

a.  From  1  at.  mannitan  and  1  at.  acid,  with  elimination  of  6  at. 
water: 

Oni^O^    +     CMHW*    =     (JMHMO^"     +     6HO. 
Mannitan.         Citric  add.     Citro -mannitan. 

h.  From  1  at.  mannitan  and  2  at.  acid,  with  elimination  of  8  at. 
water : 

CiiHWOW     +     2C»tt«0W     =     C»H»0»     +     8H0. 

Bicitro-mannitan. 

Proceeding  on  the  assumption  that,  in  the  formation  of  the  true  hicitro -mannitan, 
4  at.  more  water  must  be  eliminated.  Van  Bemmelen  regard*  the  last  compound  as 
belonging  to  a  distinct  class.  In  this  case,  however,  bistearo-mannitan  and  Tsrious 
other  bodies  would  have  to  be  excluded  from  the  class  of  mannitanides.  [Kr.]  — 
Berthelot's  nomenclature  is  founded  on  the  assumption  that  the  atom  of  mannitan  is 
half  as  great  as  that  here  adopted,  viz.  b  C^H^O^.  His  mannite -monobutyrique  is 
accordingly  the  same  as  the  bibutyro -mannitan  of  this  Handbook,  etc. 

In  the  following  cases,  special  phenomena  accompany  the  heating 
of  mannite  with  organic  acids. 

a.  On  heating  mannite  with  excess  of  oxalie  acid  to  110°,  the  acid 
is  decomposed  into  carbonic  and  formic  acids,  and  an  instable  com- 
pomid  of  formic  acid  and  mannite  is  produced.  (Klnop. — See  below.)  At 
first,  and  before  the  decomposition  of  the  oxalic  acid  takes  place, 
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mannit-oxalic  acid  is  fonned,  the  lime-Bait  of  which  -is  obtained  by 
neutralising  the  melted  mass  with  carbonate  of  lime  and  precipitating 
the  aqueous  solution  with  alcohol.  On  heating  more  strongly,  formic 
and  carbonic  acids  escape,  while  a  mixture  of  mannit-oxalic  acid,  man- 
nitan  and  humous  substances  remain.     (Van  Bemmelen.) 

/9.  Equal  atoms  of  mannite  and  succinic  acid  heated  to  140°  till  the 
melted  mass,  on  cooUng,  no  longer  becomes  crystalline,  but  forms  a  thick 
syrup,  yield  a  residue  which  is  still  soluble  in  water,  and  gives,  on 
addition  of  oxide  of  lead  (succinate  of  lead  separating  at  the  same  time), 
soluble  manni-succinate  of  lead, — an  easily  decomposible  compound, 
which  is  precipitated  by  alcohol  and  contains  varying  quantities  of 
lead-oxide,  the  proportion  sometimes  corresponding  to  the  formula 
C"ff "O'^C'H^O'jPbO.  This  manni-succinic  acid  differs  from  sucdno- 
mannite  (see  below)  only  by  the  quantity  of  water  contained  in  it,  and 
when  more  strongly  heated  is  converted  into  that  compoimd. — 
When  a  mixture  of  1  at.  mannite  with  2  at.  or  more  succinic  acid  is 
heated,  a  large  quantity  of  succinic  acid  sublimes  between  130^  and 
150°,  then  a  large  quantity  of  water  is  given  off,  and  a  hard  dry 
mass  is  formed,  from  which  succinic  acid  again  sublimes  at  160° — 170°. 
The  black  residue  imparts  an  acid  reaction  to  water,  only  after  stand- 
ing for  some  time.  It  contains  more  carbon  and  hydrogen  than  cor- 
responds to  succino-mannitan,  hence  Van  Bemmelen  regards  it  as  a 
mixture  of  this  compound  with  bisuccino-mannitan.     (Van  Bemmelen.) 

7.  A  mixture  of  mannite  and  citric  acid  in  atomic  proportions  melts 
together  at  100°,  water  of  crystallisation  being  given  off.  At  130° — 
140°  water  is  again  given  off,  and  the  mass,  which  at  first  is  perfectly 
fluid,  becomes  pasty  without  evolution  of  gas  or  coloration,  and  at  last 
hard,  dry  and  tasteless,  and  is  found  to  be  converted  into  citro-man- 
nitan.  At  170° — 180°  it  becomes  brown  and  an  oil  distils  over.  In 
this  case  also,  according  to  Van  Bemmelen,  a  compound  corresponding 
to  manni-succinic  acid  is  formed. — From  a  mixture  of  1  at.  mannite 
and  2  at.  citric  acid,  there  is  formed  at  140°,  a  neutral,  bright  yellow 
substance,  the  bicitro-mannitan  of  this  Handbook;  at  160° — 170°  it  is 
decomposed  and  yields,  without  previously  parting  with  more  water, 
the  decomposition-products  of  citric  acid.    ( V  an  Bemmelen.) 

16.  Heated  in  a  sealed  tube  with  aqueous  ammonia^  mannite  forms 
a  brown,  nitrogenous  product,  corresponding  to  that  furnished  by 
cane-sugar  (p.  260),  which  smells  like  horn  when  heated.  (P.  Th^nard, 
Bull.  Soc,  Chim.  Paris^  1861,  42.)  — 17.  Mannite  melted  with  potash- 
hydrate  yields  the  same  product  as  cane-sugar  (p.  260).  (Gottlieb, 
Ann,  Pharm.  52,  122.)  If  mannite  is  thrown  into  potash-hydrate 
melted  at  so  low  a  temperature  that  only  a  small  quantity  of  hydrogen 
is  given  off,  a  bulky  froth  is  produced,  which  does  not  at  once  solidify 
and  contains  but  little  oxalic  acid.  (Leuchtweiss.) — 18.  By  distilling 
mannite  with  lime^  much  hydrogen  is  evolved,  and  metacetone  (ix.  409) 
and  empyreumatic  products  are  obtained.  (Favre.) — 19.  Mannite  easily 
reduces  oodde  of  silver,  (Favre.)  According  to  Riegel,  it  reduces 
aqueous  mercury-^  silver-,  and  gold-salts,  —  20.  Aqueous  red  prussicUe  of 
potash  mixed  with  ^  pt.  hydrate  of  potash  acts  but  slightly  and  slowly 
on  mannite  at  70°,  but  after  the  mannite  has  been  boiled  with  acids,  it 
decolorises  variable  quantities  of  the  mixture.  (Gentele,  DingL  158, 
127;  Chem.  Centr,  1861,  93.) 
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Mannite  is  not  altered  by  ebullition  with  dilute  acids,  aqueous  alkalis, 
or  potassio-cupric  tartate. 

21.  Mannite  is  not  fermented  by  contact  with  yeast  (Pelouze  and 
others).  It  is  decomposed  by  lactous  ferment  (p.  276),  in  presence  of 
chalk,  with  evolution  of  carbonic  acid  and  water,  and  formation  of 
alcohol,  lactic  acid  and  butyric  acid  (Pasteur,  N,  Ann.  Chim.  Phys,  52, 
404).     Animal  membranes  produce  lactic  acid  from  mannite  (fVemy, 

CompU  rend,  9,  165).  Fremy  ia  also  of  opinion  that,  in  the  lactous  fermentation 
of  sugar,  this  substance  is  first  converted  into  mannite  and  then  into  lactic  acid. — 

When  a  mixture  of  mannite  with  chalk  and  cheese  (gelatin,  pancreatic 
tissue,  albumin,  or  other  nitrogenous  constituents  of  the  animal  body) 
is  left  to  itself  for  some  weeks  at  a  temperarure  of  40°,  the  nitrogenous 
substance  and  the  mannite  are  decomposed  simultaneously,  and  with 
elimination  of  carbonic  acid,  nitrogen,  hydrogen,  alcohol,  lactic  acid, 
butyric  acid,  and  acetic  acid  (Berthelot).  This  decomposition  is  inde- 
pendent of  access  of  air,  and  is  not  accompanied  by  the  appearance  of 
yeast-cells.  The  quantity  of  alcohol  obtained  amounts  to  between  13 
and  33  p.  c.  of  the  decomposed  mannite,  but  no  glycerin,  fat,  or  sugar 
is  formed  at  any  stage  of  the  decomposition.  Acetic  and  butyric 
acids  make  their  appearance  as  decomposition-products  of  lactic  acid. 
In  presence  of  carbonate  of  lime,  the  reaction  becomes  irregular,  and 
a  peculiar  sugar  (p.  310)  is  formed,  especially  under  the  influence  of 
testicular  tissue.    (Berthelot,  N.  Ann.  Chim.  Phya,  50,  334). 

Combinations.  A.  With  Water.  —  Mannite  exposed  to  air  saturated 
with  moisture  takes  up  only  2  per  cent,  of  water.  It  dissolves  in  64 
pts.  water  at  18°,  in  6*14  pts.  at  20°  (Berthelot),  in  5  to  6'6  pts.  at 
16 — 20°  (De  Luca)  in  4  pts.  at  12°  (Kircher),  in  5  pts.  of  cold,  and  in 

any  quantity  of  hot  water  (Vogel).  Sometimes  on  shaking  up  the  mannite 
with  water,  a  larger  quantity  dissolves,  amounting  to  -j^  of  the  water ;  but  the  solution 
on  standing  deposits  such  a  quantity  of  mannite  that  the  above  proportion  is  attained 
(Berthelot).  When  87*6  grm.  mannite  are  dissolved  in  348  grm.  water  at  16*5**  (that  is 
in  4  pts.)  the  temperature  falls  to  13'5^  (Pohl,  /.  pr.  Chem.  82«  155). 

B.  With  Bases.  —  Potasstum-compound.  —  When  1  pt.  mannite  and 
1  pt.  potash-hydrate  are  dissolved  in  6  pts.Jwarm  alcohol  of  85  p.  c.  the 
liquid  on  cooling  separates  into  two  layers,  the  lower  of  which  must  be 
washed  with  hot  absolute  alcohol  and  dried  at  100°.  White,  easily 
friable,  strongly  alkaline,  saline  mass,  which  contains  25  p.  c.  potash, 
requires  a  higher  temperature  to  decompose  it  than  sucrate  of  potash, 
and  deposits  mannite  when  its  alkaline  solution  is  exposed  to  the 
air.  It  is  insoluble  in  absolute  alcohol,  but  dissolves  easily  in  aqueous 
alcohol  (Brendecke). 

Sodium-compound. — Obtained  like  the  potassimn-compound,  which 
it  also  resembles.     Contains  21*6  p.  c.  soda  (Brendecke). 

Mannite  unites  with  chloride  of  sodium,  forming  colourless  crystals  containing  24*2 
p,c.  NaCl(Riegel,  Jahrb.  pr.  Pharm.  4»  8;  Pharm.  Cenir.  1841,693).  Neither 
Leuchtweiss  nor  Knop  &  Schnedermann  were  able  to  obtain  this  compound ;  Riegel's 
other  statements  likewise  show  that  his  mannite  contained  glucose.     (Kr.) 

Barium-compound.  —  When  the  solution  obtained  by  triturating 
together  equal  pts.  of  baryta-crystals,  water  and  mannite,  is  mixed 
with  absolute  akohol,  a  resinous  precipitate  is  formed,  which,  after 
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washing  with  hot  alcohol,  cont^dne  23*2  p.  c*  baryta.  It  has  a  strongly 
alkaline  taste.  When  it  is  heated  in  a  stream  of  carbonic  acid,  man- 
nite  separates  out.  It  dissolves  in  water  and  in  aqueous  alcohol  but 
not  in  absolute  alcohol  (Brendecke).  — When  mannite  is  mixed  with  an 
equivalent  quantity  of  baryta-crystals  and  3  or  4  pts.  water,. the  mix- 
ture left  to  stand  for  two  days  and  occasionally  shaken,  and  the 
filtrate  precipitated  with  alcohol,  the  flocks  which  fall  down  unite  to  a 
thick  syrup,  which  may  be  pnrified  by  repeated  solution  in  water  and  pre- 
cipitation with  alcohol.  On  heating  this  syrup  in  the  water-bath, 
there  remains  a  translucent,  very  tenacious  and  glutinous  mass,  which 
increases  to  4  or  5  times  its  original  volume  when  heated  to  100°,  and 
on  cooling  forms  a  deliquescent,  .tumefied,  translucent  glass.  The 
aqueous  sohition  when  left  to  itself  deposits  crystals  of  baryta,  solidi- 
fies, when  heated,  to  a  compact  mass  like  coagulated  white  of  egg^  and 
becomes  only  partially  clear  on  cooUng  (Ubaldini). 

After  drying  over  oil  of  vitriol,  it  oontaini  15*4  p.  c.  water,  which  escapes  at  160**; 
in  the  anhydrous  state,  it  contains  from  37*6  to  37*9  p.  c.  baryta,  and  from  63*0  to 
62' 7  p.  c.  mannite,  corresponding  to  the  formula  C*H70^2BaO.  So  according  to 
Ubaldini ;  but  his  formula  just  quoted  requires  62'73  p.  c.  BaO  and  37*27  p.  c. 
mannite,  whereas  his  analytical  data  (perhaps  affected  with  press-errors)  give  37*68  and 
17*95  p.  c.  BaO,  47'0O  and  61*93  mannite.  The  true  formula  of  the  compound 
appears  to  be  2C^Hi«0^,3BaO  -I-  I2HO  (calc.  38*79  p.  c  BaO,  61*21  mannite,  15*43 
water).     Kr. 

Strontivm-compound,  —  Aqueous  mannite  dissolves  strontia,  the 
quantity  dissolved  at  the  boihng  heat  being  about  one-fourth  of  the 
weight  of  the  mannite.  (Riegel.)  The  strontia-salt  is  obtained  like 
the  baryta-compound,  which  it  resembles.  The  aqueous  solution 
becomes  but  slightly  turbid  on  boihng.  The  compound  dried  at  100** 
gives  oflF  from  22  to  24  p.  c.  water  at  120°,  and  then  con  tarns  from 
20*1  to  21-0  p.  c.  strontia,  and  80-0  to  78*5  p.  c.  mannite,  corresponding 

to  the  formula  SrO,C"H"0*'  (calc.  22*15  p.  c.  SrO  and  77*85  mannite^  ;  in  the 

hydrated  state,  with  8  at.  water  (calc.  23*54  p.  c).    (Ubaldim.) 

Caldum-compound,  —  Aqueous  mannite  dissolves  hydrate  of  lime, 
with  evolution  of  heat.  (Brendecke.)  If  the  solution  contains  in 
100  c.  c.  1*6  gr.  mannite  or  less,  it  takes  up  constantly  3*7  pts.  lime  to 
100  pts.  mannite  (after  deducting  the  hme  which  the  water  itself 
would  dissolve);  but  more  concentrated  solutions  take  up  a  larger 
quantity,  those  containing  2*4  grms.,  4*8  grms.  and  9*6  grms,  mannite 
in  100  c.  c.  taking  up  respectively  4*5,  4*7  and  6*27  pts.  lune  to  100  pts. 
mannite  (Berthelot,  N.  Aim.  Chvm.  Phya.  46,  177^.  The  solution  has  an 
alkaline  taste  and  reaction,  becomes  txu*bid  wnen  heated  and  clear 
again  on  cooling  (Brendecke).  The  concentrated  solution  solidifies 
when  heated  to  85%  and  completely  at  90"*,  forming  a  compact  mass 
containing  50  p.  c.  lime,  therefore  perhaps  the  sexbasic  compound 
C''H"0",6CaO,  and  becomes  quite  clear  again  when  cooled  to  50°. 

When  excluded  from  the  air,  it  deposits  a  precipitate,  and  in  contact  with  the  air, 
yields  shining  crystals,  probably  consisting  of  penta-hydrated  carbonate  of  lime.  On 
t  ddition  of  hydrochlorate  of  strontia  or  magnesia,  it  yields  precipitates,  which,  after 
washing,  are  free  from  mannite  (Ubaldini). 

a.  -BtAosic.— C"H"0»,2CaO.— A  mixture  of  200  pts.  mannite  and  66  pts. 
hydrate  of  lime  is  covered  with  600  pts.  of  water,  and  left  to  stand  for 
two  days  with  frequent  agitation,  and  the  filtrate  is  precipitated  with 
alcohol.     The  white  flocks  unite  into  a  resinous  mass,  which  is  purified 
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by  repeated  solution  and  precipitation  out  of  contact  of  air.  Dried 
over  oil  of  vitriol  between  100°  and  120°,  it  gives  off  14  p.  c.  water 
(4  at.  «  131 3  p.c).  and  at  160°,  it  turns  yellow,  without  further  loss. 
It  is  decomposed  by  carbonic  acid,  without  separation  of  mannitan. 
After  drying  at  120*^,  it  contains,  on  the  average,  23*45  p.  c.  lime  and 
76*65  p.  c.  mannite  (calc.  23-53  p.  c.  CaO,  76*47  p.  c.  mannite).     (UbaldinL) 

b.  Monobasic  compound. — C"H^*0",CaO.  Bimannitaie  qf  lAme. — When 
a  solution  of  the  bibasic  compound  is  left  to  evaporate,  crystals  of 
mannite  first  separate  out  containing  5*3  p.  c.  lime ;  and  the  mother- 
Hquor,  on  standing,  deposits  a  crystalline  salt,  which,  after  drying  at 
120°,  contains  on  the  average  13*22  p.  c.  CaO  and  86*15  p.  c.  mannite, 
answering  to  the  formula   C"ir*0",  CaO  (calc.   13-33  p.  c  CaO,  86-67 

mannite).     (Ubaldini.) 

Aqueous  mannite  dissolves  magnesia  and  a  small  quantity  of  moist 
hydrate  of  alumina  (Riegel).  —  A  solution  of  mannite  heated  with  potash- 
ley  behaves  with  nitrate  of  cobalt  like  cane-sugar  (p.  263).  (Herzog, 
N.  Br.  Arch.  50,  299.) 

Lead-compounds.  —  Aqueous  mannite  dissolves  lead-oxide,  forming 
an  alkaline  liquid  precipitable  by  ammonia.  It  is  not  precipitated 
either  by  neutral  or  by  basic  acetate  of  lead,  but  an  ammoniacal  solu- 
tion of  the  neutral  acetate  produces  a  precipitate  in  the  concentrated 
solution  of  mannite  (Berthelot).  —  The  mannite  may  be  recovered  from 
the  lead-compound  in  its  original  state. 

a.  Sexbasic.  —  The  compound  b  treated  in  the  recently  precipitated 
state  with  cold,  or  after  drying,  with  boiling  water,  is  resolved  into  an 
insoluble  basic  and  a  soluble  neutral  lead-compound  of  mannite. 


12  C 72  0 

10  H 100 

8  O  640 

6  PbO 670-8 


Favre. 

fM<m. 

o*ol       •••■ 

....              o'OA 

1-22     .... 

....       1*24 

7-83     ... 

7-91 

82- 14     .... 

82-03 

C»HwPb^O'«,2PbO  ....  816-8     ....  10000    10000 

b.  Quadribasic.  —  Into  a  warm  ammoniacal  solution  of  neutral 
acetate  of  lead,  a  concentrated  aqueous  solution  of  mannite  is  poured, 
in  quantity  not  sufficient  for  complete  precipitation.  The  mixture, 
which  is  clear  at  first,  deposits,  after  standing  for  some  time,  slender 
laminse,  which  must  be  collected  out  of  contact  with  the  air  and  pressed. 
The  same  compound  is  separated  from  the  preceding  mixture  by  alcohol, 
and  may  be  obtained  pure  by  washing  witn  alcohol.  —  It  does  not  give 
off  the  whole  of  its  water  in  vacuo  tillheated  to  130°,  turning  yellow  at 
the  same  time,  but  without  further  alteration.  It  is  decomposed  by 
boiling  with  water,  or  in  the  recently  precipitated  state,  even  by  wash- 
ing with  cold  water,  the  basic  compound  a  then  remaining.    The  filtrate 

yields  by  evaporation  a  ciystalline  deposit  of  b,  and  if  evaporated  in  Tacuo  after  the  re- 
moval of  this  deposit,  it  leaves  a  mass  which,  after  drying  at  130**,  contains  67-9  p.  c. 
lead-ozide,  together  with  carbon,  hydrogen  and  oxygen,  in  proportions  answering  to  the 
formula  C»H*0*.    (Favre.) 
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FaTre. 
0/130"  in  vacuo.  mean, 

12  C  720  ....  1216  12-15 

10  H 100  ....  1-69  1*67 

8  O  640  ....  10-81  10-88 

4  PbO 447-2  ....  75-34  75*30 

C»H»Pb*OM 698-2     ....  100-00     10000 

Knop  regards  Fayre^s  lead*compound8  as  mixtures  (see  Pharm,  CeiUr,  1850,  50). 

Mannite  protects  ^emc  aalta  from  precipitation  by  various  reagente 
(H.  Rose).  Aqueous  manuite  does  not  dissolve  the  oxides  of  antimony^ 
bismutkj  ztn€j  iron  or  tin  (Riegel). 

Aqueous  mannite  does  not  dissolve  cupric  oxide  (Riegel)  —  From  an 
aqueous  solution  of  mannite  mixed  with  cupric  sulphate,  potash  throws 
down  a  blue  precipitate  which  dissolves  in  excess  of  the  alkali, 
without  undergoing  any  alteration  on  boiling. 

Mannite  is  nearly  insoluble  in  cold  absolute  alcohol,  and  but  sparingly 
soluble  in  the  same  liquid  when  heated  (Buchholz) ;  in  hot  aqueous 
alcohol  it  dissolves  in  such  quantity  that  the  liquid  solidifies  to  a 
crystalline  pulp  on  cooling.  It  dissolves  at  14°  in  1430  to  1660  pts. 
absolute  alcohol,  and  at  1*5°  in  84  to  90  pts.  alcohol  of  sp.  gr.  0*8985 
(Berthelot). — Insoluble  in  ether. 


Appendix  to  Mannite, 

Mannide. 

C^H»^  or  (?*H«0". 

Berthelot  (1856).     N.  Ann.  Chim.  Phys.  47,  312 ;  Chim.  organ.  Paris 
1860,  2,  204 ;  Lieb.  Kopp.  Jahresber.  1856,  657. 

Obtained  in  one  instance  by  heating  mannite  with  butyric  acid  in  a 
sealed  tube  to  a  temperature  between  200°  and  250°.  After  decanting 
the  hquid  containing  the  butyric  acid,  there  remained  at  the  bottom  of 
the  vessel,  crystals  of  mannite,  and  a  Hquid  which,  when  dissolved  in 
water,  evaporated  to  dryness,  taken  up  with  absolute  alcohol,  again 
evaporated,  washed  with  ether,  redissolved  in  alcohol,  and  evaporated 
— ^yielded  mannide. 

Properties.  Thick,  scarcely  fluid  syrup,  having  a  sweet  taste,  with 
bitter  after-taste.  Neutral.  Volatilises  slightly  at  100°,  more  at  140°. 
Volatilises  when  heated  on  platinum-foil,  apparently  without  decom- 
position. 

at  104^  Berthelot. 

12  C 72    ....  49;3  48-7 

10  H 10    ....  6-9  7-3 

8  0 64     ....  43-8  44-0 

C«HW08    146    ....  100-0    100-0 
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Deliquesces  in  contact  with  the  air,  and  is  partially  converted  into 
masmite.  In  a  moderately  damp  atmosphere,  it  takes  up  40  p.  c. 
water  in  12  hours ;  in  an  atmosphere  saturated  with  moisture,  it  takes 
up  80  per  cent,  in  4  days,  part  of  the  water  evaporating  again  on  stand- 
ing, and  crystals  of  mannite  separating  out.  —  When  left  in  contact 
with  oil  of  vitriol  at  100°  for  several  hours,  it  forms  a  compound  whose 
baiyta-salt  is  amorphous  and  insoluble  in  water.  When  mannide  is 
heated  to  200°  with  benzoic  acidy  a  neutral  compound  insoluble  in  ether 
is  formed,  probably  bibensso-mannite.  — When  mannide  is  heated  to 
100**  with  haryta-crystalsy  a  small  portion  of  it  is  converted  into  mannite. 

Soluble  in  water  and  in  absolute  alcohol;  insoluble  in  ether. 


Mannitan. 

Berthelot.  N.  Ann.  Chim.  Phys.  47,  306 ;  Lieb.  Kopp.  Jahresber.  1856, 
655 ;  Chim.  organ.  Paris,  1860,  2,  172. 

Formation.  1.  By  heating  mannite  to  200**.  —  2.  By  decomposing 
mannitic  ethers  with  water  at  240°,  with  acids,  alkalis,  or  lead-oxide  at 
100°,  or  with  alcohol.  —  3.  By  heating  mannite  with  concentrated 
aqueous  or  alcoholic  hydrochloric  add. 

Preparation.  1.  When  mannite  is  heated  for  some  minutes  to  200® 
in  an  open  capsule,  part  of  it  gives  o£F  water,  and  is  converted  into 
mannitan,  while  another  portion  remains  undecomposed.  The  product  is 
dissolved  in  water ;  the  solution  evaporated  till  the  undecomposed 
mannite  crystallises  ;  the  last  mother-liquor  evaporated  to  dryness  over 
the  water-bath;  and  the  i-esidue  exhausted  with  absolute  alcohol, 
which  takes  up  the  mannitan.  To  remove  the  secondary  products 
formed  by  the  heat,  the  alcoholic  solution  is  digested  for  some  hours 
with  oxide  of  lead ;  the  filtrate  mixed  with  water  is  freed  from  dis- 
solved lead  by  sulphuretted  hydrogen,  and  evaporated  to  dryness  ;  and 
the  mannitan  is  extracted  from  the  residue  by  absolute  alcohol. — 
2.  Mannite  is  boiled  with  fuming  hydrochloric  acid  in  a  long-necked 
flask  for  60  hours ;  the  liquid  is  evaporated  over  the  water-bath ;  the 
residue  mixed  with  oxide  of  lead  and  digested  with  alcohol ;  and  the 
solution,  after  being  treated  with  sulphuretted  hydrogen,  and  freed 
from  sulphide  of  lead  by  filtration,  is  evaporated  to  dryness.  The 
residual  syrup  is  treated  with  absolute  alcohol :  any  mannite  that  may 
remain  mixed  with  it  is  suffered  to  crystallise  out ;  the  filtrate  is 
evaporated ;  and  the  mannitan  which  remains  is  further  purified  by 
waaning  with  ether,  re-solution  in  absolute  alcohol,  and  evaporation. 
— 3.  Mannite  may  also  be  dissolved  in  a  mixture  of  alcohol  and  fuming 
hydrochloric  acid,  and  the  solution  heated  to  100°  in  a  sealed  tube  for 
60  hours,  the  liquid  then  separating  into  two  layers,  the  upper  of 
which  consists  of  chloride  of  ethyl.  This  is  removed,  the  lower 
aqueous  stratum  evaporated  to  dryness  over  the  water-bath,  and  the 
residue  purified  as  in  (2).  —  4.  When  stearo-mannfte  is  heated  with 
water  in  a  sealed  tube  to  240°,  stearic  acid  separates,  and  an  aqueous 
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solution  of  mannitan  is  formed,  which  mulst  be  evaporated  to  dryness, 
and  digested  in  absolute  alcohol,  any  mannite  that  may  have  been 
formed  at  the  same  time  then  remaining  undissolved.  —  5.  In  like 
manner,  aceto-mannite  heated  with  baryt^r water  to  100°  for  a  con- 
siderable time,  yields  acetate  of  baryta  and  mannitan,  which  latter, 
after  the  baryta  has  been  removed  by  dilute  sulphuric  acid,  may  be 
obtained  bv  evaporating  the  filtrate  and  digesting  the  residue  in 
absolute  alcohol.  —  6.  Benzo-mannite  is  digested  with  alcohol  and 
fuming  hydrochloric  acid  for  8  or  10  days  at  mean  temperature ;  the 
liquid  is  then  mixed  with  water,- filtered,  and  evaporated  over  the 
water-bath ;  the  residue  is  freed  from  benzoic  acid  and  benzoate  of 
ethyl  by  washing  with  ether,  and  from  hydrochloric  acid  by  agitation 
with  water  and  oxide  of  silver ;  the  liquid  is  filtered  and  evaporated 
to  dryness ;  and  the  mannitan  containea  in  the  residue  is  extracted  by 
absolute  alcohol. 

Properties.  Viscid  syrup,  generally  somewhat  coloured.  Tastes 
rather  sweet.  Neutral.  Volatilises  partly  undecomposed  when  heated 
to  140°,  or  somewhat  higher. 


12  C 

12  H 

10  O 

at  120^ 

>• »..     7«     ....     4o*9U     .. 

12    ....      7-31     .. 

80    ....     48*79    .. 

Berthelot. 
mean. 

43-80 

7-25 

48-95 

0»H»O»»  .. 

164     ....  100-00     .. 

10000 

Decompositions,  1.  When  heated^  it  smells  like  caramel,  bums  with 
dark-red  flame  in  contact  with  the  air,  and  leaves  a  small  quantity  of 
easily  combustible  chlarcoal.  —  2.  In  moist  air  it  takes  up  wcUer,  deli- 
quesces, and  is  partly  converted  into  mannite — 8.  Mannitan  is  likewise 
converted  into  mannite  when  its  solution  in  alcoholic  hydrochloric  add  is 
left  at  rest,  or  when  its  aqueous  solution  is  boiled  with  haryta-crystals 
or  osade  of  lead,  —  4.  Heated  with  biniodide  of  phosphorusy  it  carbonises 
for  the  most  part,  giving  off  a  small  quantity  of  inflammable  gas 
insoluble  in  oil  of  vitriol,  together  with  volatile  oil. — ^5.  With  oil  of 
vitriol  at  100^,  it  forms  a  compound  whose  baryta^salt  is  soluble  in 
water,  and  chars  at  120°,  giving  off  sulphuric  acid.  —  6.  Heated  to 
250°,  with  benzoic  or  stearic  acid^  it  forms  benzo-  or  stearo-mannite 
(Berthelot ;  p.  362).  — 7.  Mannitan  reduces  potassio-cupric  tartrate  at  the 
boiling  heat,  especially  in  concentrated  solution.  (Backhaus,  N,  Bepert, 
9,  289.) 

Dissolves  readily  in  water  and  in  absolute  alcohol^  but  is  insoluble 
in  ether.  (Berthelot.) 
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Conjugated  Compounds  ofMannUe, 

Mannito-bisidphuric  Acid. 

C»H"S*0"  =  C»E?*0»4S0'. 
Favre.     N.  Ann,  Chxm.  Pkys,  11,  77. 

Manniidmt(fosdure.  Aeide  fiumnifNonom(^rt;ti«  (Berthelot).  —  Known  only  in 
tsombination  wiUi  water  and  with  bases  (pp.  '363). 

Mannite  is  dissolved  in  oil  of  vitriol ;  the  solntion  is  mixed  with  a 
large  quantity  of  water,  neutralised  with  chalk,  and  filtered ;  the 
remainder  of  the  sulphuric  acid  is  removed  by  acetate  of  baryta ;  and 
the  liquid  precipitated  with  basic  acetate  of  lead.  The  latter  precipi- 
tate, decomposed  under  water  by  sulphuretted  hydrogen,  after  com- 
plete washing  with  boiling  water,  yields  an  aqueous  solution  of  man- 
nito-bisulphuric  acid,  which  decomposes  at  the  boiling  heat,  and  then 
only  forms  precipitates  with  baryta-  and  lime-salts. 

The  Ume-saU  of  this  acid  is  precipitated  from  its  aqueous  solution 
by  alcohol  and  decomposes  when  boiled  for  some  time,  depositing 
sulphate  of  lime. 

Lead'SaUs,  —  a.  With  12  at.  lead-oxide,  —  On  mixing  the  solution 
of  the  lime-salt  (prepared  as  above)  with  an  equal  quantity  of  alcohol 
and  precipitating  with  alcoholic  sugar  of  lead,  after  filtering  off  the 
sulphate  of  lime,  a  small  quantity  of  a  lead-salt  is  obtained,  correspond- 
ing in  composition  to  the  formula  C^ff^'Pb^O"  4SO',8PbO,  —  or 
C»H»PbO»,S«OS5PbO  according  to  Berthelot  {N.  Ann.  Chim.  Phys. 
47,  336). 

b.  With  8  at.  lead-oxide.  —  Preparation  as  above.  White  precipitate 
which  turns  slightly  brown  at  130°  in  vacuo,  dissolves  in  dilute  acids 
and  precipitates  sulphate  of  lead  when  its  solution  in  nitric  acid  is  boiled 
for  some  time.    Insoluble  in  water. 


Favre. 

at  130^ 

mean. 

12  C 

720 

6*00 
....       0-83 

6-03 

10  H    

■••••*■■•■• >••«•■•••■•••••• 

....       100 

0  82 

8  O    

....       64-0 

....      6-83 

514 

4  S0»    

....     1600 

....     13-33 

13-37 

8  PbO    

....     894-4 

....     74-51 

74-64 

CWHWPb^O»S4S08,4PbO    ..., 

....  1200-4 

....  100*00 

10000 

KEannito-tersulphuric  Acid. 

W.  Knop  &  SoHNEDEBMAiiN.    Ann.  Pharm.  51,  132. 

Mannii'triful/ogdure,  Mannitschwe/elsdure ;  Acide  matmUetquituffiirique.    (Ber- 
thelot.)    See  page  368. 

2b2 
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Appears  to  be  produced  under  the  same  droamstanoes  as  mannito-bisiilpliiiiic  add 
(p.  871),  and  known,  like  that  oomponnd,  only  in  combination  with  water  and  with 
bases.  Discovered  by  Knop  &  Schnedermann.  More  recently  (PAorm.  Cenir.  1849, 
803,  and  1850,  51),  the  former  expresses  a  doubt  as  to  whether  the  substances  examined 
by  themselTes  and  by  Favre  were  of  definite  chemical  constitution. 

The  lead-salt  is  obtained  in  aqueous  solution  by  dissolving  man- 
nite  in  oil  of  vitriol,  diluting  with  water,  digesting  with  carbonate  of 
lead,  and  filtering  from  sulphate  of  lead ;  and  this  solution,  decomposed 
by  hydrosulphuric  acid,  yields  aqiieoua  manmto-tersulphuric  acid,  as  a 
colourless  strongly  acid  liquid,  which  is  resolved  by  evaporation  into 
mannite  and  sulphuric  acid. 

The  mannUo-tersfdphates  are  easily  decomposible,  and  are  all  soluble  in 
water.  Knop  &  Schnedermann  gave  the  formula  (?WM^O^A^O^  l  Gerhardt  {Oon^L 
ektm.  1,  20)  and  Strecker,  that  which  is  here  adopted. 

PotashsaU.  —  Obtained  as  a  yellow  synip  by  precipitating  the 
aqueous  lead-  or  barvta-salt  with  sulphate  of  potash,  and  evaporating 
the  filtrate  at  a  gentle  heat.  This  syrup  dries  up  between  50°  and  60** 
to  a  translucent  deliquescent  gum,  which  is  insoluble  in  alcohol  and 
contains  a  small  quantity  of  sulphate. 

Knop  &  Schnedermann. 

12  C   « 720  ....  13-42    14-13 

11  H  110  ....  2-05     2-40 

6  S   96-0  ....  17-89    17-45 

27  O  2160  ....  40-25     4004 

3  KO 141-6  ....  26-39     25-98 


CMH"KH>M,6S0» 636-6    ....  lOO'OO lOO'OO 

Soda-mlt.  —  Obtained  like  the  potash-salt,  which  it  also  resembles. 

Knop  &  Schnedermann. 

12  C 72  14-75     14-48 

11  H 11  2-25 2-47 

6  S  96  19-67 

27  0 216  44-27 

3  NaO 93  1906     18-84 

CM»H"Na»0>»,6S0»    488    100-00 

Baryta-salt.  —  A  solution  of  mannite  in  oil  of  vitriol  is  mixed  with 
water,  and  the  solution  is  neutralised  with  carbonate  of  baryta  and 
evaporated,  during  which  process  small  quantities  of  sulphate  of  baryta 
are  continually  deposited.  The  solution,  concentrated  till  it  forms  a 
saline  crust,  deposits,  on  cooling,  white  crystalline  grains,  and  if  some- 
what more  concentrated,  solidifies  to  a  jelly,  which  dries  up  to  a  white 
fissured  mass.  Alcohol  precipitates  it  from  the  aqueous  solution  as  a 
white,  indistinctly  granulo-crystalline  powder.     The  salt  is  easily 

decomposed  by  heat.  —  More  recently  Knop  makes  the  following  statements  :— 
The  baryta-salt,  prepared  as  above,  by  evaporating  the  solution  and  drying  at  65%  gave 
45*5  p.c.  BaO,SCH;  the  same  solution,  precipitated  with  absolute  alcohol,  yielded  a 
salt  which  gave  49*7  p.  c.  BaCSO*,  14*56  C.  and  2-4  N.  The  solution  remaining 
after  this  precipitation,  left,  on  evaporation  to  dryness,  a  salt  which  gave  25*8  p.  c. 
BaOiSO*.  Hence,  Knop  regards  it  as  probable  that  the  salts  examined  by  himself  and 
Schnedermann  were  mixtures  {Pharm.  Centr.  1849,  802). 
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Knop  &  Schtedennann. 

12  C  720    ....     11-58    ....:.......     11-19 

11  H  110     ...      1-76    2-OS 

6  8   960    ....     15-37     1532 

27  O  216-0     ....     34-59     35*11 

3  BaO  229-5     ....    36*75    36*35 

C"H"Ba»0^6S0»....  624-5     ....  10000    100-00 

37-97  p.e.  BaO  corresponds  to  57*82  p.  c.  BaOfSO*. 

Lead'Scdt.  —  (Praparation  p.  372.)  The  aqueous  solution  deposits  sul- 
phate of  lead  when  evaporated  at  a  gentle  heat,  and  leaves  a  turpen- 
tine-like mass  which  decomposes  on  further  exposure  to  heat.  Pre- 
cipitated by  alcohol  from  the  concentrated  solution  in  oil-drops,  which 
dry  up,  in  vacuo,  to  a  yellow  amorphous  deliquescent  mass,  and 
leave  a  small  quantity  of  sulphate  of  lead  when  dissolved  in  water. 

Knop  &  Scbnedermaim. 

12  C  72-0    ....      9-87     948 

11  H  11-0    ....       1-41 

6  8  96H)    ....     1326 

27  O  216-0    ....     29-62 

3  PbO 334-2     ....     45-84     44*38 

C»H>*Pb»0M,6S0»....  729'2    ....  100-00 


Chlorhydro-mannitan. 

G'HJPE}^  =  C"HX)«,2HC1. 

Bebthelot.     y.  Ann.  Chim.  Phya.  47,  8S4 ;  Chm.  organ.  2,  197  j  LUb. 
Kopp.  Jahreaher.  1856,  661. 

Mamite  eMorkydnqw  or  monochhrhydrique  ;  Chlormofmiiana/er  (p.  362). 

Mannite  is  heated  to  100**  in  a  closed  tube  with  10  to  15  pts. 
fuming  hydrochloric  acid;  the  liquid  is  neutralised  with  carbonate  of 
potash,  shaken  up  with  ether,  and  evaporated;  the  svrup  is  left  at 
rest  for  some  months  in  vacuo ;  tod  the  crystals  which  separate  are 
purified  by  recrystallisation  from  ether.  There  remains  a  mother-liquor, 
perhaps  consisting  of  similar  compounds. 

White,  microscopic  crystals  resembling  mannite,  with  a  bitter  aro- 
matic taste  and  aromatic  odour,  which  is  emitted  when  they  are  heated. 
Neutral  Melts  when  heated,  and  solidifies  in  a  crystalline  mass  on 
cooling.  Volatilises  without  decomposition  when  heated  on  platinum- 
foil. 

Berthelot 

12  C 72  ....    35-82    35-9 

2  CI   71  ....  35-32 

10  H    10  ....      4-97    5-6 

6  O    48  ....    23-89 

(.laQS^MOS 201     ....  100-00 

The  vapour,  when  set  on  fire,  bums  with  a  green-edged  flame,  and 


f 
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forms  hydrochloric  acid.  —  Decomposed  by  lime  into  mannitan  and 
hydrochlorate  of  lime.  Not.  precipitated  by  nitrate  of  silver  from  the 
alcoholic  solution. 

Soluble  in  alcohol  and  in  ether. 


Gompound  of  Formic  Acid  with  Uannite. 

W.  Knop.     J.  pr.  Chem.  48,  362 ;  abstr.  Ann.  Pharm.  74,  347 ;  Pharm. 
Centr.  1849,  303. 

Jbrmt'/tf.    Ameuentdure^Mannit  (see  page  363). 

Formed  by  heating  mannite  with  excess  of  oxalic  acid,  which  is 
thereby  resolved  into  formic  and  carbonic  acids.  The  mixture  is  heated 
for  five  hours  to  110°,  then  for  a  few  hours  to  96°,  to  expel  excess  of 
formic  acid  and  carbonic  «K»d,  after  which  there  remains  a  colourless 
syrup  which  is  liquid  while  hot,  and  solidifies  on  cooling.  iB'rom 
this  product,  the  last  traces  of  formic  acid  may  be  removed  by 
ether. 

When  left  for  some  time  over  oil  of  vitriol,  it  becomes  turbid  and 
acquires  an  odour.  In  contact  with  bases,  it  is  quickly  resolved  into  1  at. 
mannite  and  2  at.  formate,  and  is  therefore,  perhaps,  C"H**0*,2C*HH)* 

(Knop).  Later  (ChemUche  Methoden,  Leipzig,  1859,  281),  Knop  gi?e8  the  for- 
mula C^H^^O^',€?H'0^,  which  does  not  agree  with  his  earlier  analysis.  He  regards  it 
as  doubtful  whether  this  compound  belongs  to  the  ethers  of  the  third  class  {Btier,  yii, 
215),  inasmuch  as  it  is  moch  less  ^hle  ttiMi  BerCkdldt'smannitic  ethers. 


Ethylo-mannitan. 

C*H«0**>  =  C»H"0«,2C*HK). 

Bebthelot.     N.  Ann.  Chim.  Phys,  47,  341 ;  Chim.  organ.  2,  203 ;  Lidf. 
Kopp.  Jahresber.  1856,  663. 

Manniianmnqfer. 

A  mixture  of  mannite,  potash-hydrate,  a  small  quantity  of  water, 
and  bromide  of  ethyl,  is  heated  to  100°  in  a  sealed  tube  for  80  or  40 
hours,  then  shaken  up  with  ether  and  the  extract  evaporated. 

Colourless,  bitter  syrup,  which  volatilises  without  decomposition 
when  heated  on  platinum -foil. 

fierthelot 

'    20  C  120     ....     54-54     543 

20  H    20     ....       909     97 

10  O    80     ....     36-37     36-0 


C»H»0»«....  220     ....  100-00     100-0 

Carbonises  when  heated  in  a  tube.  —  Decomposed  by  a  mixture  of 
oil  of  vitriol  and  butyric  acid,  with  formation  of  butyrate  of  ethyl. 
Nearly  msoluble  m  water,  easily  soluble  in  alcohol  and  ether. 
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Aceto-mannitan. 

C«H'«0»*  =  C"H*K)»,2C*H»0'. 

Berthelot.    N.  Ann,  Chisn.  Pkys,  47,  315 ;  Chim.  org<m,  2,  185 ;  Lkh. 
Kopp.  Jahretber.  1856,  657. 

Mannit9   aeiiique  or  numoaeitique.  —  Biemffsdure  -  ManniioHdiher,    Bftigman" 
nitanesier. 

Formation,    By  heating  mannite  with  glacial  acetic  add  to  200° — 

220  .     In  contact  with  oil  of  Titriol  and  acetic  acid,  at  mean  temperatoresy  or  with 
glacial  acetic  add  at  100^  C,  mannite  fonna  onlj  traeea  of  thia  compound. 

Preparation,  A  mixture  of  glacial  acetic  acid  and  mannite  is  heated 
to  200  — ^220°  for  50  or  60  hours ;  and  the  product  is  mixed  with 
aqueous  soda-solution,  neutralised  completely  by  adding  a  small  Quan- 
tity of  solid  potash,  and  shaken  up  with  ether  as  long  as  that  liquid 
takes  up  any  of  the  compound.  Tne  ethereal  extracts  are  decolorised 
with  animal  charcoal  and  evaporated  in  vacuo  at  a  gentle  heat. 

Properties,  Neutral  syrup,  having  a  very  bitter  taste.  Inodorous 
in  the  cold,  but  gives  off  a  peculiar  odour  when  gently  heated.  When 
heated  on  platinum-foil  it  volatilises  almost  without  decomposition.  — 

Decompoaed  with  baryta-water,  ityielda  46*4  p.  c.  acetic  acid  ^calc  48*4  p.  c.  C^H'O^), 
and  74*4  p.  c.  mannite,  together  with  mannitan  (calc.  73*7  p.  c.  mannite). 

Berthelot. 

20  C    120    ....    48-39    48*7 

16  H    16    ....      6*45    6*7 

14  O    112     ..„     4b'\S    44-6 


C«H>«0" 248     ....  lOO'OO     lOO'O 

Decompositions.  1,  Heated  in  a  tube,  it  decomposes  and  gives  off  an 
odour  of  caramel.  —  2.  It  undergoes  but  very  slight  alteration  when 
kept  for  many  months  in  contact  with  water  containing  alcohol.  — 
8.  Alcoholic  hydrochloric  acid  decomposes  it  in  a  few  days,  into  mannitan 
and  acetic  acid;  but  by  longer-continued  action,  mannite  is  like- 
wise formed. — 4.  Baryta-toater  acts  slowly  at  100 **5  decomposing  it 
completely  in  50  hours,  into  mannitan  and  acetate  of  baryta. 

In  water  it  dissolves  without  decomposition,  even  at  the  boiling 
heat.    Soluble  in  alcohol  and  in  ether^  but  not  in  sulphide  of  carbon. 


Bibutyro-xnaimitan. 

C«H"0"  =  C»B?W,2C«EP0». 

Bekthelot.     N.  Ann,  Chim.  Phya.  47,  819  ;  Chim.  organ.  2,  188 ;  LiA, 
Kopp,  Jahresher.  1856,  658. 

MatmiU  monohttyripte  (Berthelot).    Bibuiieri^lMre'mannitanester. 


t-J^-  - 
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Obtamed,  in  larger  qoantity  than  aceto-mannite,  by  heating  man- 
nite  with  batyric  acid  to  200°  for  ten  hours,  and  purified  in  the  same 
manner  as  aceto-mannite. 

Semifluid,  tenadous  mass,  Ltermixed  with  nicroscopic  needles, 
mobile  and  having  a  faint  odour  when  hot.  Neutral,  Tastes  very 
bitter.     When  heated  on  platinum-foil,  it  volatilises  in  thick  vapours 

F  and  almost  without  decomposition.     Deoomposed  by  bwyta-water,  it  yields  60*4 

r  p.  c.  batyric  add  and  52*2  p.  c  mannitan  (calc.  57*9  p.  c  C^QiH)*  and  S4'0  CH'K)*'.) 

Berthdot 


r 


t 


P 


28  C 168     ....     55-26     5485 

24  H 24     ....      7-89     7*85 

14  0 112     ....     36-85     37-30 

C»H»K)"  304     ....  100  00    100-00 

Decompositions.  1.  When  the  compound  is  rapidly  heatedy  a  small 
portion  of  it  chars,  bums  with  a  white  luminous  flame,  and  an  odour 
like  that  emitted  by  tartaric  add  under  similar  circumstances.  —  2.  By 
contact  for  some  months  with  water  containing  alcohol,  or  by  boiling 
for  several  hours,  a  small  portion  of  the  acid  is  set  free.  Complete 
decomposition  into  butyric  acid  and  mannitan  is  effected  by  heating  it 
with  water  to  240°. — 3.  Alcoholic  hydrochloric  acid^  even  in  the  cold, 
forms  mannitan  and  butyric  ether.  —  4.  The  compound  is  likewise 
decomposed  into  mannitan  and  a  butyrate  by  heating  with  haryta-uKOer 
or  lead-oxide,  —  By  excess  of  butyric  acid  at  200° — 250°,  it  is  converted 
into  quadributyro-mannitan. 

Insoluble  in  water ^  slightly  soluble  in  sulphide  ofcarbony  easily  in 
alcohol  and  ether. 


Qaadribntyro-maimitan. 

Bebthelot,  loc.  cit. 

Mannite  dibutyrique,     Q^adributter9a1lr€^mannitane9ier  (p.  362). 

Obtained  by  heating  bibutyro-mannitan  with  excess  of  butyric  add 
to  200° — 250°,  and  purified  like  aceto-mannite. — ^Wben  a  miztare  of  equal 

pts.  mannite,  batyric  acid  and  oil  of  vitriol  is  left  to  itself  for  a  week,  then  dilated  with 
water^  neutralised  with  carbonate  of  potash,  and  shaken  up  with  ether,  the  ether  takes 
np  an  oil  which  contains  58*3  carbon  and  7  8  hydrogen,  but  yields  on  decomposition  a 
small  quantity  of  sulphuric  acid  as  well  as  batyric  acid  and  mannitan. 

Colom-less,  bitter,  neutral  oil,  which  volatilises  without  residue 
when  heated  on  platinum  foil. 

In  vacuo.  Bcrthelot. 

44  C    264     ....     59-47     59*8 

36  H    86     ....       81 1     8-2 

18  O    144     ....     32-42     32-0 


C«H»0«    444     ....  100-00     100  0 

Soluble  in  aid  hoi  and  precipitated  by  water. 


MANNITARTARIC  ACID.  377 


Succino-maimitan. 

Van  Bemhelek.     Scheikund.    Verhandelingm  en   Onderzoek.  13;  abstr. 
Kopp*s  Jahreaber.  1858,  434. 

BerruieifUfaure'tnannitanesier  (p.  363). 

Maimite  and  succinic  acid  in  equal  numbers  of  atoms  are  heated 
together  in  the  oil-bath  to  170°,  whereupon  the  mixture  gives  off 
water  and  melts  to  a  yeUow  liq^uid,  and  then  solidifies  to  a  hard,  dark- 
grey  mass,  which  is  to  be  triturated  and  well  boiled  with  alcohol. 
Tasteless.    Neutral. 

▼an  Bemmeleii. 
ai  no**— 180^  mean. 

20  C 120     ....     48-78     4890 

14  H 14     ....       5-68     5-53 

14  O 112     ....     45-54     45-57 


C»HMO"  246    ....  lOODO    lOO'OO 

Decomposed  by  prolonged  boiling  with  water.  —  Dissolves  in  oQ  of 
vitriol  and  in  warm  nitric  acidy  succinic  acid  being  set  free,  and  mannite 
entering  into  combination  with  the  mineral  acid.  —  Decomposed  by 
boiling  with  lead-oxide,  with  separation  of  succinate  of  lead,  part  of 
the  lead,  however,  remaining  in  solution  as  mannito-sucdnate. 

Insoluble  in  toatery  alcohol^  and  ether. 


Mannitartaric  Acid. 

C»H^"0»  or  C*H«H)^. 

Bebthelot.     N.  Ann.  Chim.  Phya.  47,  330 ;  Chim.  organ.  2,  200 ;  Lieb. 
Kopp.  Jahreaber.  1856,  660. 

Aeid»  mannitarkiipie  or  mannitritaririque,  Mannitartendure,  —  Known  only  in 
combination  (p.  368). 

When  a  mixture  of  equal  pts.  mannite  and  tartaric  acid  is  heated 
for  five  hours  to  100°  — 120°  in  a  open  vessel,  a  glutinous  very  add 
mass  is  produced,  which  is  a  mixture  of  mannitartaric  acid,  tartaric 
acid  and  mannite.  This  mixture  is  triturated  with  carbonate  of  lime 
and  a  small  quantity  of  water  till  it  becomes  neutral,  then  filtered  and 
precipitated  with  alcohol.  The  precipitated  mannitartrate  of  lime 
purified  by  repeated  solution  in  water  and  predpitation  with  alcohol,  and 
decomposed  in  aqueous  solution  with  an  equivalent  quantitv  of  oxalic 
acid,  yields  aqueous  mannitartaric  acid,  which  is  gradually  resolved 
into  mannite  and  tartaric  acid. 

Mannitartaric  acid  is  terbasic.  (Berthelot)  If  l  at.  of  the  acid  be  sapposed 
to  contain  1  at.  mannite  (0%  the  add  mnat  be  regarded  as  lexbaac,  and  repreiented  bj 
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the  formula  C"H»O70  (Kr.)  Its  salts  heated  with  hydrate  of  lime  to  lOO** 
for  fifty  or  sixty  hours,  are  resolved  into  mannite,  ma]iiiitan«  and 
tartaric  acid. 

Mannitartrate  of  Lime.'- Terbasic,-^  White,  loosely  coherent,  amor- 
phous powder,  which  dissolves  easily  in  water  when  recently  precipitated, 
but  with  difficulty  after  drying,  and  is  precipitated  by  alcohol.  After 
diying  in  vacuo,  it  retains  6  at.  water,  4  at.  of  whicn,  amoimting  to 
6-0  p.  c.  (calc.  6-1  p.  c.  HO)  go  off  at  140**- 

In  vacuo,  Berthdot. 

30  C    180  ....  30-56 301  • 

21  H   21  ....  3-57  3-9 

38  O    304  ....  51-61  52-4 

3  CaO   84  ....  14*26  136 

C30Ca»H«O».6HO 589    ....  100*00     1000 

Mannitartrate  of  Magnesia.  —  Obtained  like  the  lime-salt,  magnesia 
alba  being  used  instead  of  carbonate  of  lime.  On  mixing  the  aqueous 
solution  with  alcohol,  the  salt  is  precipitated  as  a  soft,  semi-fluid  mass. 
It  is  more  soluble  than  the  lime-salt  in  aqueous  alcohol.  The  sidt, 
after  drying  in  vacuo,  gives  off  31*2  p.  c.  water,  corresponding  to 
30  at.  (oftlc.  31-36  p.  c.)  at  140^ 

In  vacuo.  Bertbelot 

30  C    180  ....  20*91  20*7 

45  H    45  ....  5'23  5*1 

62  O   496  ....  57*60  57'5 

7  MgO  140  ....  16-26  16*7 

C»Mg»H>*O»,4MgO,30aq 861     ....  10000    lOO'O 


Citro-mannitan. 

Yaih  Beboaelen.  Sckeihind.  VerhandUngen  en  Onderzoekingen^  2  Deel, 
1  Stuck,  Rotterdam,  1858.  Ondei'z.  17;  abstr.  Kopp*s  Jakresber. 
1858,  431. 

atromanmianettcr  (p.  363). 

A  mixture  of  citric  add  and  mannite  in  equal  numbers  of  atoms 
is  heated  to  130**  —  140%  till  the  mass  becomes  dry,  friable  and  taste- 
less. 

Light-yeUow,  very  hygroscopic  mass,  which  decomposes  like  sucdno- 
manuitan  when  boiled  with  water,  alcohol  or  alkalis,  or  when  oil  of 
vitriol  or  nitric  acid  is  poured  upon  it.  —  Insoluble  in  toater,  akohol^  and 

ether, 

TUi  Bemmdeo. 
at  152**.  mean, 

24  C  144     ....     47-68     47*12 

14  H 14     ....       4-63     4*83 

18  O 144  ....  47-69  48*05 

C»*HWO"  302  ....  100*00  100-00 
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Bkitra-maainitan. 

Van  Bemmelen,  loc.  cit. 

See  pp.362,  263.  — 1  at.  mannite  is  heated  to  140°  with  2  at.  citric  acid, 
till  the  mass  has  become  hard,  diy  and  tasteless. — Light  yellow, 
neutral  mass,  decomposed  by  boilmg  for  some  time  with  water  or  baryta' 
wcUer. 

ran  Bemmder. 
mean. 

36  C  216     ....     45-38     45*46 

20  H 20     ....       4-20     4-46 

30  O 240  ....  50-42  50-08 

C»H»OW  476  ....  10000  lOOOO 


Bibenzo-mannitan. 

Berthelot.     N,  Ann,  Chim.  Phya.  47,  327 ;  Chim.  organ  2,  193 ;  Lieb, 
Kopp.  Jahreaber.  1856,  660. 

Mannite  btnzoique  or  tnonohenxoique,    Bibemoemannitanetter  (p.  362). 

Obtained  by  heating  mannite  with  benzoic  acid  to  200°  for  ten  hours, 
and  purified  like  aceto-mannite  (p.  375),  till  it  reacts  neutral. 

Tough,  semi-solid  resin  which  may  be  drawn  out  into  threads. 
Neutral,  tasteless  at  first,  afterwards  bitter  and  aromatic. 


40  C    

20  H   

ai  120^ 

240     ....     64-52     ., 

20     ....       5-37     .. 

Berthelot 

641 

5-8 

14  O    

112     ....     3011     .. 

301 

C«H»0" 

372     ....  100-00     .. 

1000 

When  heated  on  platinum-foil,  it  smells  like  roasted  apples,  chars, 
and  bums  away  without  residue.  Heated  in  a  test-tube,  it  yields 
needles  of  benzoic  acid.  —  When  left  for  several  months  in  contact 
with  water  containing  alcohol,  it  turns  sour  and  gives  o£E  the  odour  of 
benzoic  ether.  —  By  alcohoHc  hydrochloric  acid,  baryta-water,  and  lead' 
oxide,  it  is  decomposed  less  easily  than  bibutyro-mannitan.  —  By  a 
larger  excess  of  benzoic  acid  between  200°  and  250°,  it  is  slowly  con- 
verted into  hexabenzo-mannitan. 

Insoluble  in  water,  nearly  insoluble  in  mlphide  of  carbon,  easily 
soluble  in  alcohol  and  in  ether. 
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v^^ 


Hezabenzo-maimitan. 

Berthelot,  he.  cit, 

Mamuie  tribemolqtiet  HexabenzoSnumnUaneiier.  —  Bibenzo-mannittui  is 
heated  to  200 "* — 250°  in  a  sealed  tube  for  20  hours,  with  a  large 
excess  of  benzoic  acid ;  the  neutral  compound  thus  formed  is  extracted 
from  the  product,  and  treated  in  like  manner  with  benzoic  acid  a  second 
time ;  and  the  product  is  purified  like  aceto-mannite. 

Solid,  neutral  resin,  which  is  decomposed  by  heating  with  hydrate 
of  lime,  and  contains  73*4  carbon,  5*2  hydrogen  and  21*4  oxygen,  correa- 
ponding  to  the  formula  C"1I»0*»  (calc.  73-1  p.  c.  0.,  4-6  H.  and  22-3  0.) 


Nitro-mannite. 

Fl.  Domonte  &  M£sABJ>.  Compt.  rend,  24,  89  and  391 ;  If.  J.  Fharm. 

12,  159 ;  Fharm.  Centr.  1847,  892. 
SoBRERO.     Compt.  rend.  25,  121 ;  Ann.  Fharm.  64,  397 ;  Dmgl.  105, 

878. 
A.  Strecker.     Ann.  Fharm.  73,  59. 
A.  Knop.  Fhai^.  Centr.  1849,  806;  1850,  49;    J.pr.  Chem.  48,  869; 

49,  228 ;  Ann.  Fharm.  74,  347. 
A.  &  W.  Bjsiop.     Fharm.  Centr.  1852,  129 ;  in  detail :  J.  pr.  Chem. 

56,  337. 

MamUte  qvk^iinitripie  (Domonte  9t  Mdnard),  trhtitrique  (Berthelot). 

Freparatton.  1  pt.  of  pulverised  mannite  is  triturated  with  a  small 
quantity  of  nitric  acid  of  sp.  gr.  1*5  till  it  dissolves  ;  a  small  quantity 
of  oil  of  vitriol  is  added,  then  nitric  add  and  oil  of  vitriol  alternately  tiU 
4^  pts.  nitric  acid  and  10^  pts.  oil  of  vitriol  have  been  consumed.  The 
pasty  mass  is  mixed  with  a  large  quantity  of  water;  and  the  separated 
nitromannite  is  collected,  and  purified  by  recrystallisation  from  alcohol. 

(Strecker,  Knop.)  In  the  mother-liquid  there  remains  a  imali  quantitj  of  a  much 
more  fusible  product,  which  may  be  extracted  by  ether  after  neutralisation  with  carbonate 
of  potash.    ( Berthelot.) 

Fropertiea.  White,  silky  needles,  melting  between  68°  and  72** 
(Bechamp,  Campt.  rend.  51, 258). 

Domonte  STanbei]g 

&  Menard.  &  Staaf.  Strecker. 

17-20  19-40     1607 

17-25  18*20 

1-85  2-15     1-94 

63-70  63-79 


12  C  

72 

»•••      ID'vu 

6  N  
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Eariier  fonnnlee,  the  incorrectness  of  which  has  been  shown  by  Streclcer  ( — for  the  sake 
of  uniformity,  the  nitrogen  is  given  in  aU  cases  as  byponitricacid— ; :  C^^H^X^O^  (Domonte 
&  Menard)  ;  C^H'X^O^s  (Svanberg  &  Staaf.  Berz.  Jahretber.  1849»  360)  ;  C»H'XK)» 
(Stenhouse,  Ann,  Pharm.  70,  218).  '  Svanberg  &  Staafs  analyses  led  Berthelot  (CAim. 
organ.  2, 195)  to  regard  the  product  examined  by  them  aaMannite  dinitrique  C^H^X^O 
(biC^sH^X^O^^),  for  whichi  however,  according  to  Strecker's  investigation,  there  is  no 
Teal  ground,  even  if  (as  in  the  case  of  dulcite)  later  experiments  should  reveal  the  exist- 
ence of  two  nitro-compounds.  (Kr.)  —  According  to  Knop  and  others,  nitro-mannite 
contains  nitric  acid  as  a  proximate  constituent,  a  view  of  its  constitution  resting  on 
aiguments  similar  to  those  adduced  in  the  case  of  pyroxylin  (p.  174). 

Decompositions.  1.  Nitro-mannite,  when  kept  for  some  years,  under- 
goes a  y>ontaneous  decomposition  attended  with  evolution  of  red  vapours 

and  of  nitric  acid  (Strecker).     See  the  corresponding  decomposition  of  nitro- 

duldte.  —  2.  When  heated  to  90°,  it  regularly  gives  off  red  vapours  and 
leaves  a  hard,  white,  friable  residue  (B^champ,  Compt,  rend.  41,  268), 
When  carefully  heated  in  a  test-tube,  it  melts,  with  slight  evolution  of 
red  vapours,  and  solidifies  in  the  crystalline  form  on  cooling.  When 
less  strongly  heated,  it  detonates,  with  abundant  evolution  of  red 
vapours,  and  leaves  no  residue  (Strecker).  —  3.  It  does  not  explode  by 
slight  friction,  but  when  struck  with  a  hammer,  it  detonates  violently 
without  apparent  emission  of  red  vapours,  and  sets  fire  to  gunpowder 
mixed  with  it  (Sobrero).  —  4.  Oil  of  vitriol  dissolves  nitro-mannite 
abundantly  and  without  evolution  of  gas ;  even  the  addition  of  copper- 
turnings  produces  no  alteration ;  but  a  few  drops  of  water  eliminate 
large  quantities  of  red  vapour,  whilst  the  solution  takes  up  copper  and 
becomes  green  (Strecker).  —  Oil  of  vitriol  diluted  with  from  2  to  4  per 
cent,  of  water  eliminates  from  nitro-mannite,  after  some  time,  colourless 
vapours  of  nitric  acid  (Knop).  —  5.  When  an  alcoholic  solution  of 
nitro-mannite  is  mixed  with  a  large  excess  of  sulphide  of  ammonium  which 
is  completely  saturated  with  hydrosulphuric  acid,  it  is  reduced  to  man- 
nite,  with  evolution  of  a  large  quantity  of  ammonia  and  separation  of 
sulphur.  If  sulphide  of  ammonium  less  completely  saturated  with 
sulphuretted  hydrogen  be  used,  there  remains,  on  evaporation,  a 
coloured  product,  containing,  in  addition  to  mannite,  the  ammonia 
salt  of  an  organic  acid  (Dcssaignes,  Compt,  rend.  33,  462) ;  see  also  Knop. 
Pharm,  Cenir.  1849,  807.  —  6.  By  continued  boiling  with  aqueous  bisulphite 
ofcnnmonia  completely  saturated  with  sulphurous  acid,  nitro-mannite  is 
reduced  to  mannite,  with  formation  of  sulphate,  nitrite  and  nitrate  of 

ammonia  (A.  &  W.  Knop).  Sulphurous  acid  and  hydrosulphuric  acid  do  not 
appear  to  act  on  nitro-mannite.  —  7.  By  ferrous  acetate  it  is  reduced  to  man- 
nite (Bechamp,  N.  Ann.  Chim.  Phys.  46,  354),  for  the  most  part  to 
mannitan  (Berthelot).  By  treating  nitro-mannite  with  hydrochloric 
acid  and  iron,  copper  or  zinc,  mannite  and  many  decomposition-pro- 
ducts are  obtained. 

8.  By  boiling  aqueous  or  cold  alcoholic  potash^  nitro-mannite  is 
dissolved,  with  red  brown  coloration.  (Strecker.)  —  9.  Nitro-mannite 
heated  with  baryta-water  to  100°  for  forty  hours,  is  dissolved  with  yellow 
colour,  but  neither  mannite  or  mannitan  can  be  detected  in  the  solution 
(Berthelot,  N.  Ann.  Chim.  Phys.  Al,  340). 

Nitro-mannite  dissolves  in  alcohol  and  in  ether^  especially  with  aid 
of  heat. 
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Second  Appendix  to  Mannite, 

Mannitic  Acid. 

Gorup-Besanez.     Ann.  Fkarm.  118,  257. 

The  formation  of  a  non-yolatile  acid  firom  mannite  was  first  observed  by  Ddbereiner 
(/.  pr,  Chem,  28,  49S,  and  29,  452).  — This  acid  ia  produced  from  mannite  under  the 
inflaence  of  platinupn-black  (p.  360) ;  perhaps,  also,  with  the  aid  of  nitric  acid  (p.  360). 

Preparation,  A  mixture  of  1  pt.  mannite  and  2  pts.  platinum-black 
is  moistened  with  water  and  left  to  itself  at  a  temperatm'e  not  exceed- 
ing 30°  or  40°,  the  water  which  evaporates  being  frequently  renewed, 
till  the  whole  of  the  mannite  is  decomposed,  which,  if  20  or  80  grms. 
of  mannite  are  used,  takes  place  in  about  three  weeks.     If  the  temperatnre 

rises  above  40%  the  acid  undergoes  further  alteration,  and  if  the  mixture  becomes  dry, 

it  sometimes  ukes  fire.  —  The  mass  is  exhausted  with  water;  the  solution 
is  precipitated  with  basic  acetate  of  lead;  and  the  precipitate  is 
collected,  washed,  and  decomposed  by  hydrosulphuric  acid.  The  solu- 
tion filtered  from  sulphide  of  lead  is  evaporated,  first  over  the  water- 
bath,  then,  when  it  begins  to  show  colour,  in  vacuo  over  oil  of  vitriol. 

Properties.  Gummy,  amorphous  mass,  without  any  sign  of  crystal- 
lisation.    Tastes  purely  and  strongly  acid. 

Decompositions.  1.  When  heated  to  80°,  it  turns  brown,  then  black, 
and  gives  off  gas.  —  2.  Heated  on  platinum-foil,  it  takes  fire  and  bums 
with  a  luminous  fiame  and  an  odour  of  caramel,  leaving  charcoal.  — 
3.  Its  aqueous  solution  turns  brown  when  heated.  —  4.  Aqueous  man- 
nitic acid  heated  with  cupric-oxide  and  potash  throws  down  cuprous 
oxide ;  from  nitrate  of  silver  it  precipitates  the  metal. 

Combinations.  Mannitic  acid  dissolves  in  water  in  all  proportions. 
The  concentrated  solution  does  not  yield  crystals  when  shaken  up  with  alkaline  bitul- 
phite$. 

With  Bases.  Aqueous  mannitic  acid  decomposes  carbonates  with 
effervescence,  and  dissolves  zinc  and  iron,  with  evolution  of  hydrogen. 
The  hibasic  mannitates  C"fl"MK)"  are  all,  excepting  the  lead  and  silver 
salts,  easily  soluble  in  water,  and  most  of  them  are  amorphous  or 
granulo-crystalline.  They  are  insoluble  in  alcohol,  and  when  preci- 
pitated thereby,  dissolve  with  difficulty  in  water  after  drying,  and  in 
boUing  water,  they  knead  together  to  resinous  masses,  with  partial 
decomposition.     They  decompose  with  great  faciUty. 

Mannitic  acid  hkewise  forms  basic  salts;  mono-acid  salts  Gorup- 
Besanez  did  not  succeed  in  preparing.  The  aqueous  acid  is  not  pre- 
cipitated by  the  salts  of  calcium^  magnesium,  aluminum,  tine,  cadmium, 
copper,  silver,  or  mercuri/. 

Mannitate   of  Potash.  —  Mannitic  acid  exactly  neutralised  with 
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aqueous  potash,  becomes  turbid  on  addition  of  alcohol  of  about  90  per 
cent.,  and  deposits  a  brownish  semi-fluid  mass,  perhaps  bibasic  mannitate 
of  potash.  The  solution  half  neutralised  or  completely  neutralised 
with  potash-ley,  turns  brown  and  decomposes  when  left  to  itself  or 
evaporated  over  the  water-bath,  but  does  not  yield  crystals. 

Mannitate  of  Baryta,  —  Aqueous  mannitic  acid  is  precipitated  by 
excess  of* baryta- water.  The  clear  solution  of  mannitic  acid  neu- 
traUsed  with  baryta- water  turns  acid  from  decomposition  every  time 
it  is  evaporated  over  the  water-bath.  Mannitate  of  baryta  contains 
less  baryta  than  is  required  by  the  formula  of  the  bibasic  salt. 

MannitcUe  of  Lime,  —  Lime-water  reacts  with  mannitic  acid  in  the  same  manner 
as  baryta-water.  Aqueous  mannitic  acid  is  heated  with  carbonate  of  lime 
till  the  solution  becomes  neutral  and  no  longer  effervesces;  the  cooled 
filtrate  is  mixed  with  2  vol.  alcohol  of  sp.  gr.  0*82  ;  the  flocks  which 
fall  down  are  ooUected,  washed  with  alcohol,  and  redissolved  in 
water ;  and  the  solution  is  reprecipitated  with  alcohol.  —  White, 
earthy  powder, — or  if  the  precipitate  has  been  heated  under  alcohol, 
—  roumd  microscopic  granules,  without  distinct  crystalline  form,  which 
give  off  adhering  water  at  100°. — After  drying  it  is  but  partially 
soluble  in  water,  and  melts  when  boiled  therewith  to  a  brown  resm, 
brittle  when  cold. 

Gomp-Besanez. 
Ihried,  mean, 

12  C 72  ....  30-76  3033 

10  H 10  ....  4-28  4-39 

S  Ca    40  ....  1709  16-69 

14  0 112  ....  47-87  48-59 

CUH'oCa^O"     234     ....  10000     10000 

Mannitate  of  Lead,  —  Acetate  and  nitrate  of  lead  throw  down  from 
aqueous  mannitic  acid,  precipitates  containing  from  54-82  to  67*8  p.  c. 
lead-oxide,  while  part  of  the  mannitic  acid  remains  in  solution,  Basic 
acetate  of  lead  precipitates  mannitic  acid  completely. 

Bibasic,  —  Aqueous  mannitic  acid  is  boiled  with  oxide  of  lead  and 
filtered  hot,  the  filtrate  then  depositing  a  granulo-crystalline  precipitate, 
while  part  of  the  salt  remains  undissolved  as  resin,  and  suffers  partial 
decomposition.  —  When  boiled  with  water,  it  is  converted  into  a  soft 
resin,  brittle  when  cold. 

6onip>Besane2. 
mean, 

12  C  720  ....  17-93  17-64 

10  H 100  ....  2-49  2-37 

2  Pb 207-4  ....  51-66  51-45 

14  O  1120  ...  27-92  2854 


CiSHWPb'O" 401-4     ....  100-00     100-00 

Aqueous  mannitic  acid  partly  prevents  the  precipitation  of  iron- 
salts  by  reagents. 

Ouprtc  mannitate,  —  Ammoniacal  cupric  salts  form  a  green  precipi- 
tate with  aqueous  mannitic  acid.     The  aqueous  acid,  boiled  with 
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hydrated  cupric  oxide,  dissolves  only  a  small  (quantity,  but  reduces  a 
portion.  From  a  mixture  of  the  aqueous  acid  with  cupric  acetate, 
alcohol  throws  down  a  blue-green  precipitate,  containing  more  cupric 
oxide  than  the  bibasic  salt. 

Bibasic.  —  Aqueous  mannitic  acid  is  heated  with  green  bibasic  car- 
bonate of  copper  (v.  414 ;  if  the  blue  carbonate  is  ased,  reduction  i^pt  to  take 
place),  and  the  emerald-g^een  solution  is  evaporated  in  vacuo  over  oil  of 

vitriol.  A  salt  which  Bometimes  separates  from  the  green  solatlon  during  cooling, 
usnallj  contains  a  larger  proportion  of  capric  oxide  than  the  bibasic  salt    Shining, 

green,  friable  plates,  permanent  at  100^. 

at  lOO*".  Gorap-Besanes. 

12  C  72-0  ....  27-97 27-2U 

10  H 100  ....  3-88  4-09 

2  Cu 63-4  ....  24  63  24*73 

14  O 1120  ....  43-52 43*89 

C«H»0CuK)" 257-4    ....  10000    100*00 

Mercurcms  salts  and  ammonia  throw  down  from  aqueous  maanitic 
acid  a  white  precipitate,  which  gradually  turns  grey. 

Mannitate  of  Silver.  —  A  strong  aqueous  solution  of  mannitate  of 
lime,  mixed  with  a  sjmipy  solution  of  nitrate  of  silver,  solidifies  to  a 
white  pulp,  which  must  be  washed  with  cold  water.  Light  olive- 
green,  or  greenish  yellow  powder.  When  heated  in  the  liquid  from 
which  it  has  been  precipitated,  it  decomposes  completely,  with  separa- 
tion of  metallic  silver. 

Gonip'Besanes. 
mean, 

12  C 72  ....  17-56    17*52 

10  H 10  ....  2*43     2-19 

2  Ag    216  ....  52-68     52*65 

14  O 112  ....  27-33  ....  27-64 


CiaH»»Ag»0»< ....  410     ....  100*00     100*00 

Mannitic  acid  dissolves  in  alcohol  in  all  proportions,  but  is  nearly 
nsoluble  in  etfier. 


Dulcite. 

Laurskt.     Compt.  rend.  30,41 ;  Compt.  chirn.  1850,  864;  Anyi.  Pharm. 

76,  358;  J.  pr.  Chem.  49,  403;  Pkarm.  Centr.  1850,  217.— Compt. 

rend.  31,  694;  Compt.  chim.  1851,  29;  Ann.  Pharm.  80,  345;  J.  pr. 

Chem.  53,  170. 
Jacquelain.     Compt.  rend.  31,   625 ;    Compt.   chim,  1851,  21 ;  abstr. 

Ann.  Pharm.  80,  345  ;  J.  pr.  Chem.  51,  163. 

Duleo9t  (Laarent) ;  Dv/ctne  (Jacquelain).     Fotmd  in   tubers,   of  Unknown 

origin,  which  were  sent  in  large  quantity  from  Madagascar  to  Paris 
in  1848,  and  is  extracted  therefrom  by  boiling  water.     The  aqueous 
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extract,  on  cooling,  yields  crystals  of  dnlcite,  while  a  colourless,  un- 
crystallisable  syrup  remains  (Laurent). 

Properties.  Colourless,  highly  lustrous  prisms  of  the  oblique 
prismatic  system.  Fig.  67  without  t,  but  with  m  from  Fig.  69.  Rhom- 
bic prism  u  having  its  obtuse  edge  perpendicularly  truncated  by  m ; 
the  ends  accuminated  by  the  octahedron  a,  and  this  truncated  by  the 
oblique  basic  face  p\  t* : «  in  front  =  112°  ;  u\u  (sideways)  :=  68°  ; 
« :  m  =  146°  ;  m\p=.  US'"  45'  (calc.) ;  m  :p  =  109°  30'  (calc.) ;  a  :;>  = 
140°  (obs.);  a:tt  =  149° 30'  (obs.);  a"  :p  =  116°  48'  (calculated  from 
the  preceding  data),  =  115°  (obs.) ;  a  :  u  =  134°  42'  (calc.)  =  135°  30' 
(obs.)  (Laurent).  Melts  at  about  190°  (Laurent)  ;  at  182°  and  soli- 
difies in  the  crystalline  state  at  181°  (Jacquelain).  Grates  between 
the  teeth.  Inodorous,  but  has  a  rather  sweet  taste  (Laurent).  No 
rotatory  power   (Biot,  Jacquelain).     Neutral.     Sublimes  under  the 

same  circumstances  as  mannite    (Berthelot).     (See  Melampyrite  in  the 
Appendii.) 

Laurent.  Jacquelain. 

earlier,  later. 

12  C  72  ..,  39-56  ....  3814  3920  39-69 

14  H  14  ....   7-69  ....   7-66  7-61  7*70 

12  O  96     ....     5275     ....     5420     53-19     52*61 

CMH"0»...  182     ....  10000    ....  100-00    100-00    100-00 

Laurent  and  Jacquelain  formerly  gave  other  formula.  Soubeiran  {Cwnpt.  rend, 
30»  339)  regarded  dulcite  as  identical  with  mannite,  and  Laurent  then  recognised  its 
isomerism  with  mannite. 

Decompositions.  1.  When  heated  above  190°,  it  gives  off  about 
9  per  cent,  of  water ;  if  the  loss  amounts  to  10  per  cent.,  the  residue 
becomes  coloured  and  gives  off  empyreumatic  products,  but  if  dissolved 
in  water,  yields  unaltered  crystals  of  dulcite  (Laurent).  Under  these 
circumstances,  dulcitan  is  doubtless  formed,,  and  then  reconverted  into  dulcite,  as  Ber- 
thelot (Chwi.  organ.  2,  209)  also  supposes.     (Is  this  view  supported  by  experiment  ?) 

Dulcite  heated  to  276°  gives  off  carbonic  oxide  without  much  colour- 
ing; between  280°  and  290°,  it  evolves  large  quantities  of  gas  smell- 
mg  of  acetic  acid  and  acetone  (Jacquelain).  Dulcite  yields,  by  dry 
distillation,  the  same  products  as  mannite,  but  does  not  leave  any 
carbonaceous  residue  (Laurent).  —  2.  Heated  in  small  quantities  on 
platinum-foil,  it  appears  to  boil,  giving  off  gases  and  vapours  of  dul- 
cite, which  take  fire  and  hum  completely  away  (Jacquelain).  —  3.  Dry 
chlorine  gas  does  not  act  on  dulcite  in  sunshine,  even  when  passed 
into  its  solution  heated  to  40° ;  but  when  chlorine  gas  is  passed  over 
dulcite  in  the  fused  state,  hydrogen  is  abstracted  and  hydrochloric 
acid  is  formed,  part  of  this  acid  remaining  united  with  the  undecom- 

Eosed  portion  of  the  dulcite  in  the  form  of  a  conjugated  acid  (Jacque- 
lin).  When  the  product  formed  by  chlorine  is  dissolved  in  water, — 
whereupon  loose  brown  flocks  separate,  —  the  solution  filtered,  the 
excess  of  chlorine  expelled  by  boiling,  the  hydrochloric  acid  completely 
precipitated  by  an  equivalent  quantity  of  sulphate  of  silver,  and  the 
sulphuric  acid  by  baryta- water,  there  remains  a  neutral  hquid  con- 
taining baryta  and  likewise  hydrochloric  acid,  precipitable  by  sulphuric 
acid  and  sulphate  of  silver.  If  this  liquid  be  again  mixed  with  sul- 
phate of  silver,  chloride  of  silver  is  formed,  together  with  a  soluble 
silver-salt  which,  when  evaporated  in  vacuo,  remains  behind  as  an 

VOL.  XV.  2  c 
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TincrystalliBable,  sticky  mass  (Jacquelain).  —  4.  With  bmiodide  ofpJios- 
plwrusj  dulcite  behaves  like  mannite  (Berthelot,  Chim,  organ,  2,  208).— 
5.  Nitric  add  converts  it  into  mucic  acid  (Laurent).  Dulcite,  boiled  with 
nitric  acid  according  to  Liebig's  method  (see  Mitk-sugary  p,  220),  yields 
mucic,  oxalic,  and  racemic  acids.  As  long  as  the  formation  of  the 
latter  acid  goes  on,  the  solution  contains  a  substance  which  reduces 
potassio-cupric  tartrate  in  the  same  manner  as  grape-sugar.  Whilst 
therefore  milk-sugar,  treated  with  nitric  acid,  yields  (dextro-)  tartaric 
acid,  dulcite,  treated  in  like  manner,  yields  (inactive)  racemic  acid. 
(Carlet,  CompL  rend.  51,  137,  and  53,  343).  —  6.  From  the  solution  in 
fuming  nitric  acid,  dulcite  is  precipitated  by  adding  oil  of  vitrioly  and 
pouring  in  water,  as  hexnitrodulcite  (B^champ,  Compt,  rend,  51,  257). 
Water  does  not  precipitate  the  nitric  acid  solution. 

7.  Dulcite  dissolves  slowly  and  without  colouring  in  oU  of  vitriol 
and  forms  dulcisulphuric  acid.  The  solution,  if  heated  above  40°  or 
50°,  blackens  and  gives  off  carbonic  and  sulphurous  acids  (Jacquelain). 
According  to  Berthelot,  dulcite  is  not  carbonised  at  100°,  either  by  oil 
of  vitriol  or  by  fuming  hydrochloric  acid.  Oil  of  vitriol,  diluted  with 
20  pts.  of  water,  likewise  forms  a  small  quantity  of  dulcisulphuric  acid, 
when  heated  to  100°  for  six  hours,  without  altering  the  rest  of  the 
dulcite.  When  the  solution  of  dulcite  in  oil  of  vitriol  is  diluted  with 
water,  and  neutralised  with  carbonate  of  baryta,  a  solution  of  dulci- 
sulphate  of  baryta  is  obtained,  which,  after  evaporation  in  vacuo, 
remains  as  a  tiunslucent,  adhesive  mass  having  a  bitter  and  sharp 
taste,  soluble  in  dilute  alcohol,  less  soluble  in  absolute  alcohol  and 
insoluble  in  ether,  not  precipitable  from  its  solutions  by  aqueous 
nitrate  of  lead  or  nitrate  of  silver.  From  its  solution,  mixed  with  basic 
acetate  of  lead,  alcohol  throws  down  duldsulphate  of  lead. 
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8.  Dulcite  heated  with  acetic,  butyric,  benzoic  or  stearic  add  to  200 
or  with  tartaric  acid  to  100°,  forms  peculiar  compounds  called 
Ihildtanides,  which  resemble  the  mannitanides  (p.  362)  in  all  re&pects, 
and  Hkc  the  latter,  take  up  water  and  are  resolved  into  dulcitan  and 
add.    (Berthelot,  Compt.  rend.  41,  452.) 

9.  Dulcite  boiled  with  dilute  potash-ley  (or  concentrated,  according 
to  Jacquelain)  is  dissolved,  and  crystallises  imaltered  on  cooling. 

§  Laurent.)  Very  strong  potash-ley,  at  the  boiling  heat,  forms,  with 
ulcite  a  syrnp  which  is  not  precipitated  by  alcohol  (Laurent).  When 
dulcite,  is  fused  with  hydrate  of  potash,  or  subjected  to  dry  ai8tillati<Ni 
with  potash-lime,  hydrogen  is  evolved,  mixed  with  small  quantities 
of  ammonia  (from  the  cyanogen  in  the  potash,  Kr.)  and  marsh-gas ;  some- 
times also  an  oil  smeUing  Hke  acetone  passes  over.  In  the  residue 
there  remain  carbonate  of  potash,  a  large  quantity  oi  oxalate  and  a 
small  quantity  of  butyrate,  the  latter  recognisable  by  its  odour  after 
supersaturation  with  sulphuric  acid  (Jacquelain)^  — 10.  From  potasdo^ 
cupric  tartrate,  dulcite  does  not  precipitate  cuprous  oxide,  even  after 
boiling  with  acids  (Berthelot). 

11.  Dulcite  does  not  ferment  in  contact  with  yeast.  (Soubeiran, 
Jacquelain.)  It  imdergoes  the  same  decomposition  as  mannite  (p.  365), 
into  alcohol,  lactic  acid  and  butyric  acid,  when  left  in  contact  for  some 
weeks  at  40°  with  cheese  (or  pancreas  tissue)  and  chaUc;  like  mannite 
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it  also  forms  a  peculiar  sugar  by  contact  with  testicular  tissue  (Ber- 
thelot,  If.  Ann.  Chim.  Phys.  50,  848  and  872). 

Combinattons.  Dulcite  dissolves  readily  in  water^  and  crystallises 
from  the  boiling  saturated  solution  on  cooUng. — Aqueous  dulcite  dis- 
solves lime  (Berthelot). 

With  Baryta. — Barvta-water  is  added  to  aqueous  dulcite,  and  the 
solution  is  concentratea  in  a  flask.  On  cooling,  it  deposits  four-sided 
prisms,  terminated  by  an  acute  pyramid  with  rectangular  base.  They 
must  be  quickly  washed  with  aqueous  alcohol.  This  compound  gives  off 
27*4  p.  c.  water  at  170°  and  contains  29*7  p.  c.  barium,  agreeing  with 
the  formula  C"H'*0",2BaO  +  14  aq.  (calc.  27'33  p.  c.  HO  and  29-71 
Ba).     (Laurent.) 

Dulcite  is  not  precipitated  by  aqueous  acetate  of  lead,  either  neutral  or 
basic  (Laurent),  by  nitrate  of  silver,  or  by  terchloride  of  gold,  and  is  not 
altered  by  either  of  these  reagents,  even  at  the  boiling  heat.  (Jac- 
quelain.)  From  its  concentrated  aqueous  solution,  it  is  precipitated  by 
ammoniacal  sugar  of  lead  (Berthelot). 

Nearly  insoluble  in  boiling  alcohol  (Laurent). 


Appendix  to  Dulcite. 

Dulcitan. 

Bebthelot.     CMm.  organ.  Paris,  1860,  2,  209. 

Dulcinane. 

Obtained  by  heating  dulcite  for  some  time  to  near  200°,  or  by  the 
decomposition  of  dulcitanides,  in  the  same  manner  as  mannitan  (p.  369) 
from  mannite  and  mannitanides,  and  purified  in  the  same  manner  as 

mannitan.  -—  A  viscid  syrup,-  probably  dulcitan,  is  obtained  by  reducing  heznitro- 
and  quadrinitrodulcite  with  ferrous  salts  (B^champ,  Cofnpt,  rend,  bl,  258"). 

Scarcely  fluid,  neutral  syrup,  which  volatifises  perceptibly  at  120°, 
and  is  partially  converted  into  dulcite  by  prolonged  contact  with  water, 
or  Igr  heating  with  baryta-crystals  and  water. 

Soluble  in  water  and  in  absolute  alcohol,  but  not  in  ether. 


Conjugated  Compounds  of  Dulcite. 

Butyro-dulcitan. 

C»H»*0"  =  C"ff<W,2C«n^0«. 

BertheIot.     Chim.  organ.  2,  210. 

Dulcite     lutyHque^    Buttereauredulciianesier.  —  Obtained    from    butyric 

2c2 
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acid  and  dulcite  at  120°,  in  the  same  manner  as  acetomannitan  (p.  375), 
from  mannite  and  acetic  acid,  and  pm-ified  like  that  compound. 

Colourless,  inodorous,  viscid  oil  which  tastes  bitter  and  also  like 
butyric  acid.  Neutral.  —  Decomposed  by  alcoholic  hydrochloric  acid^ 
into  dulcitan  and  butyrate  of  ethyl. 

Sparingly  soluble  in  wcUer^  easily  in  alcohol  and  ether. 


Dulcitartaric  Acid. 

C»H«(F  =  C"B?KyS20«H*0". 
Bebthelot.     N.  Ann.  Chim,  Phys.  54,  77. 

Known  only  as  a  lime-salt,  which  is  prepared  in  the  same  man- 
ner as  manni-tertrate  of  lime.  This  salt,  after  drying  in  vacuo,  retains 
water  of  which  11*7  p.  C.  goes  off  at  110°  (8  at  by  calculatioii  ■=  ll^S  p.  c). 

a/110^  Berthelot. 

28  0    168  ....  31-23 316 

26  H  26  ....  4-83  5*3 

36  O   288  ....  53-53  583 

2  CaO   56  ....  10-41  9*8 


C«Hi8Ca»0»,8HO 538    ....  100*00    lOO'O 

After  drying  in  vacuo,  it  U  therefore  C»HisCa«0»  +  16H0. 

Benzo-dulcitan. 

Bebthelot.     Chim.  organ.  2,  211. 

Dulcite  benxoique,  5«Mro«ftt/ci7<met/«r.— Obtamed  from  dtilcite  and  ben- 
zoic acid,  Uke  acetomannitan  (p.  375),  from  mannite  and  acetic  add. 

Neutral  resin,  resembling  turpentine ;  decomposed  by  alcohoUc  hydro^ 
chloric  acidy  with  formation  of  benzoate  of  ethyl ;  by  hydrate  of  Ume 
into  benzoate  of  lime  and  a  mixture  of  dulcite  and  dulcitan,  amounting 
to  47  per  cent. 

Insoluble  in  watery  easily  soluble  in  ether. 

Quadrinitro-dulcite. 

BicHAMP.     Compt.  rend.  51,  257 ;  Zeitschr.  Ch.  Fharm.  3,  657. 

Hexnitrodulcite  is  completely  converted  into  this  compound  with- 
out alteration  of  crystalline  form,  by  the  spontaneous  decomposition 
which  it  undergoes,  with  evolution  of  nitrous  vapours,  when  kept  for 
a  month  between  30**  and  45''. 


— N 
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Needles  harder  and  less  flexible  than  those  of  hexanitrodulcite ; 
crystallises  from  alcohol,  in  beautiful  translucent  prisms. — Melts  to  a 
pasty  mass  at  130°,  completely  at  140°,  and  gives  off  red  fumes  at 
145°. 

It  is  reduced  hjferrotia  salts  and  forms  a  non-cry stallisable  syrup, 
probably  dulcitan. 


Hexnitro-duldte. 

B^CHAMP.     Compt.  rend.  51,  257. 

Ihtieine  MniMque  »  C^^H^OSySNOS.     (B6champ.) 

A  solution  of  dulcite  in  5  pts.  fuming  nitric  acid  is  mixed  with 
10  pts.  oil  of  vitriol,  and  the  mixture,  which  becomes  turbid,  is  imme- 
diately thrown  into  a  large  quantity  of  water.  The  semifluid  precipi- 
tate soUdifies  slowly  to  a  buttery  mass,  which,  after  washing  with 
water,  crystallises  from  alcohol  in  needles. 

Beautiful,  colourless,  flexible  needles,  which  melt  between  68** 
and  72°. 

Gives  off  nitric  add  vapours  continuously  and  is  m  the  end 
wholly  converted  into  quadrinitro-dulcite.  —  When  heated  to  90°,  it  is 
converted,  with  regular  emission  of  red  vapours,  into  a  pasty  mass, 
and  then  into  a  hard,  friable,  white,  add  product. 


Saccharoidal  Substance  C"H'*0". 

Melampyrite.* 

c»H»»o^  =^  c**n»o*. 

HiJNEFELD.    /.  pr.  Chem.  7,  233 ;  9,  47 ;  abstr.  Berz.  Jahresher.  17, 312. 
W.  EiOHLEB.     Ueber  das  Melampyrin^  Moskau,  1855 ;  abstr.  Lieh.  Kopp. 

Jahresher.  1856,  665  ;  N.  Repert.  7,  259 ;    Chem.  Centr.  1859,  522  ; 

Bep.  Chim.purej  2,  103. 

Jlfe/ompyrtn.— Found  in  the  herb  of  Melampyrum  nemorosum  (Hunefeld), 
also  of  Scrophularia  nodosa  and  BJimanthus  Crista  Oalli  (Eichler). 

Preparation.  The  decoction  of  the  dried  herb  taken  at  the  flower- 
ing time  is  mixed  with  milk  of  lime  till  it  exhibits  an  alkaline  reaction, 
then  boiled  up,  filtered,  concentrated  to  a  small  bulk,  and  addulated 
with  hydrochloric  acid.  On  cooling  and  further  crystaUisation,  melam- 
pyrite crystallises  out,  and  may  easily  be  obtained  pure  by  recrystal- 
lisation  from  water  (Eichler).  —  2.  The  dried  herb  is  boiled  with  water 

*  A  paper  by  Dr.  L.  Gilmer,  showing  that  Melampyrite  is  identical  with  Dalcite 
(p.  384)  has  just  appeared  (Ann.  Pharm,  Sept,  1862), — too  late  for  insertion  in  the 
text.     The  results  will  be  given  in  the  Appendix  to  this  volume. 


^\.-  '^ 
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,  Conjugated  Compounds  of  Mektmpi/riie. 

I  Melampyro-sulphuric  Acid. 

i  ElCHLEK,   loc.  Cit, 

I 

f.  The  solution  of  melampyrite  in  oil  of  vitriol,  diluted  with  water, 

[;  saturated  with  carbonate  of  lead,  filtered  from  sulphate  of  lead  and  de- 

r  composed  by  hydrosulphuric  acid,  then  filtered  from  the  sulphide  of 

I  lead  and  evaporated,  yields  melampyro-sulphuric  acid  in  the  form  of  a 

syrup,  which  has  a  faint  yellow  colour,  a  sour  and  bitter  taste,  and 
carbonises  when  heated,  evolving  sulphurous  acid. 

Melainpyrosulphate  of  Baryta.  —  Obtained  by  dissolving  melampyrite 
in  oil  of  vitriol,  diluting  with  water,  neutralising  with  carbonate  of 
baryta,  and  evaporating  the  filtrate  at  a  very  gentle  heat.  —  In  the 
moist  state  it  is  a  mass  having  the  consistence  of  turpentine ;  after 
drying  in  vacuo  it  forms  a  transparent  gmn  which  dissolves  readily  in 
water  and  is  precipitated  by  alcohol.    Decomposes  at  100°. 

:*  '  Eichler. 

C»H"OW 164-0     ....     26-88 

8  BaO 229-8     ....     36-26     36*45 

6  SO»   240-0     ....     37-86     3779 

C"H«BaaO»3,6S08 633*8     ....  10000 

The  lime-salt  resembles  the  baryta-salt,  but  is  not  precipitated  by 
alcohol  from  the  aqueous  solution.  It  does  not  precipitate  either  basic 
acetate  of  lead,  mercurous  nitrate,  or  nitrate  of  silver,  (Eichler.) 

Appendix  to  the  Carbo-hydrates. 

Pectin. 

Vauquelin.  Ann.  Chim.  5,  100;  6,  282. — Ann,  Chim,  Phys,  41,  4d. 

Paten.     J.  Pharm,  10,  390. 

Braconnot.      Ann.  Chim.   Phys.   28,    178 ;    30,   96 ;    Schw.  44,   141 ; 

45,  400;   JV^.  Tr.  11,   1,  66;    13,   1,   126;    J.  Chim.  med.  1,  509; 

15,  166.—  Ann.   Chim.  Phys.  47,  266;  N.  Tr.  25,  2,  167.— -4nn. 

Chim.  Phys.  72,  433. 
GuiBOURT.  J.  Chim.  med.  1, 27;  Schw.  44, 136;  abstr.  Jfa^.  Pharm.  11, 41. 
Mulder.     Pogg.  44,  432  ;  J.  pr.  Chem.  14,  277.  —  J.  pr,  Chem.  16,  246. 
Feemy.     J.  Pharm.  26,  368 ;  Ann.  Pharm.  35,  312 ;  J,  pr.  Chem.  21,  1. 

— N.  Ann.  Chim.  Phys.  24,  9  ;  Ann.  Pharm.  67, 257 ;  J.pr.  Chem.  45, 

389;    Prcliminaiy  notice,    Compt.  rend.  24,  1046;   N.  J,  Pharm, 

12,  13. 
Soubeiran.     -ZV.  J.  Pharm.  11,  417 :    J.  pr,   Chem,  41,  809 ;    Pharm, 

Centr.  184,  513. 
Poumarede  &  FiGUiER.     Compt.  rend.  23,  918;  iV.  J.  Pharm.  11,  458. 

—  Co7npt.  rend.  25,  17;  N,  J.  Pharm.  12,  81 ;  Ann,  Pharm,  64,  387; 

J,  pr.  Chem,  42,  25. 
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Chodnbw.    Ann.  Pliarm.  51,  356. 

Pe.  John.    N.  Br.  Arch.  45,  24,  and  129. 

Vegetable  Jelly,  GeUe  viff6tale,  Groasuline^  Pflanzengallerte. 

Yauquelin  showed,  in  1790,  that  the  expressed  juice  of  tamarinds  and  other  froits 
solidifies,  when  left  at  rest,  to  a  transparent  jelly,  which  maj  be  purified  by  draining 
off  the  jnice  and  washing.  This  jelly,  which  was  then  likewise  separated  by  Vauqaelin, 
Bostock,  and  John  from  other  fruits,  is  sparingly  soluble  in  cold  water,  easily  in  hot 
water,  and  in  alkalis,  and  may,  therefore,  be  regarded  as  pectosic  acid.  Braconnot,  in 
1824,  by  exhausting  plants  with  alkalis  and  precipitating  the  extract  with  acids,  obtained 
pectic  acid  (or  pectosic  acid)  ;  respecting  which  he  showed,  in  1832,  that  it  does  not 
constantly  occur  ready  formed,  and  not  in  all  fruits,  being  more  frequently  produced 
by  the  action  of  alludis  on  pectin*  Since  that  time  the  most  exact  experiments  on 
pectous  substances  have  been  made  by  Fremy.  —  The  statements  of  Chodnew  and  of 
Poumar^de  &  Figuier  cannot  with  certainty  be  applied  to  either  ^f  Fremy*s  pectous 
substances  in  particular.  Chodnew's  pectin  is  most  nearly  related  to  Fremy's  para- 
pectin  ;  his  pectous  and  hyperpectic  acids  do  not  agree  exactly  with  either  of  Fremy's 
pectous  substances.  —  According  to  Mulder,  pectin  and  pectic  acid  are  distinguished 
from  one  another  by  the  different  quantities  of  inorganic  matter  which  are  united  in 
them  with  the  organic  substance.  The  former  may  be  regarded  as  a  neutral,  the  latter 
as  an  add  salt. 

Occurrence  and  Formation.  Many  iruita  in  the  unripe  state, 
fleshy  roots  and  other  parts  of  plants  (vid.  inf.)  contain  a  substance 
insoluble  in  water,  alcohol,  and  ether :  Fremy's  pectose,  which, 
during  the  ripening  of  the  fruit  or  by  boiling  with  water,  acids,  or 
alkalis,  yields  the  several  pectous  substances.  Of  the  latter,  pectin, 
parapectin  (and  perhaps  pectic  acid)  are  found  in  the  ripe  fruit,  while 
the  over-ripe  fruit  contains  salts  of  metapectic  acid. 

Pectous  substances  occur  in  lemons,  oranges,  currants,  goose- 
berries, bilberries,  and  the  fruit  of  Solanum  lycopersicon  (Vauquelin, 
Bostock,  John) ;  in  apples,  pears,  plums,  and  apricots,  in  the  cucum- 
ber and  the  fruits  of  other  cucurbitaceous  plants  (Braconnot),  in  the 
tubers  of  Dahlia  pmnata,  Helianthus  tuberosns,  and  the  bulbs  of  Allium 
Cepa ;  in  the  roots  of  Scorzonera  hispanica^  Apium  graveolenSj  Daucus 
Carota^  Brassica  Napua^  Pceonia  officinalis,  Phlomis  tuberosa,  Rumex 
Patientia^  Spircea  JUipendula  (Braconnot),  Genttana  lutea  (Denis,  J.  Pharm. 
22,  304);  in  the  root-bark  of  Aylanthus  ghmduhsa  (Payen),  in  the 
stalks  and  leaves  of  herbaceous  plants,  in  maple-wood,  in  the  inner 
bark  of  all  trees,  in  the  seeds,  and,  generally  in  every  plant  (Bracon- 
not). The  fruit  of  Arbutus  Unedo  contains  parapectin  (Pilhol,  CompU 
rend.  50,  1185).  Cinchona-barks  contain  pectin,  according  to  Velt- 
mann  {Schw.  54,  388),  and  Reichel  ( Ueber  Chiimrinden  u.  deren  chem. 
Bestandth.  Leipzig,  1856) ;  according  to  Reichhardt  {N.  Br.  Arch.  92, 
12),  they  do  not. 

Calluna  vulgaris  and  Erica  herbacea  contain  a  pectous  substance ; 
Ledum  palustre  contains  a  mixture  of  pectin  and  parapectin  (Rochleder, 

Wien.  Akad.  Ber.  9,  312).  (On  jellies  from  pine  needles,  pine>bark,  aud  Thuja 
occidentalie  see  vol.  xiii,  pp.  239,  240,  the  jellies  from  yellow  pods  and  the  fruit  of 
Syringa  are  described  in  this  Appendix),  —  A  jelly   from  Fucus  crispus  was 

examined  by  Mulder  {J.  pr.  Chem.  15,  293)  and  Herberger  (Repert.  49, 

848) ;  another  from  Fucus  amylaceus  by  Riegel  {Jakrb.  pr.  Pharm.  6,  8), 

from  Rivularia  tubulosa  by  Braconnot  {Ann.  Chim.  Phys.  70,  206). 

The  existence  of  pectose  in  plants  is  demonstrated  by  the  follow- 
ing observations : — 

Pectin  18  precipitated  by  alcohol  from  the  juice  of  ripe,  but  not  of 
unripe  fruits.    When  the  pulp  of  unripe  fruits  is  washed  with  water 


894  APPENDIX  TO   THE  CARBO-HYDRATES. 

aB  long  as  the  water  rons  off  add,  and  the  residual  mass  is  bcMled 
with  water,  no  pectin  passes  into  the  solution,  but  boiled  unripe  fruits, 
or  the  solutions  obtained  by  boiling  unwashed  fruit-pidp  with  dilute 
acids,  or  acid  fruit- juice,  are  rich  in  pectin  (Fremy). 

When  fruit-pulp  or  roots  are  macerated  for  several  days  with 
strong  hydrochloric  acid,  the  solution  contains  only  traces  of  pectin, 
but  if  they  are  boiled  for  some  minutes  with  slightly  add  water,  the 
pectin  passes  into  solution.  In  this  case,  insoluble  compounds  of 
pectin,  if  such  had  existed  in  the  fruit-pulp,  must  have  been  decom- 
posed without  the  aid  of  heat  (Fremy). 

During  the  ripening  of  fruits,  the  cellular  tissue,  which  is  at  first 
thick  and  formed  of  several  superposed  membranes,  becomes  thinner, 
and  is  converted  into  soluble  products,  at  the  same  time  that  the 
incrusting  layers  of  pectose  dissolve  in  the  form  of  pectin.  If  a  thin 
slice  of  the  fruit  be  placed  under  the  microscope  in  contact  with 
aqueous  cuprammonia  for  some  hours,  the  woody  fibre  dissolves,  the 
insoluble  residue  stOl  exhibits  the  form  of  the  cells,  and  is  formed  of 
green  cupric  pectate,  which  is  decolorised  by  adds,  with  separation  of 
pectic  acid.  In  this  case,  the  pectic  add  is  formed  from  pectose, 
whereas  the  same  substance,  when  treated  with  dilute  adds,  (Mssolves 
as  pectin,  and  when  boUed  with  milk  of  lime,  as  metapectic  add 
(Fremy). 

The  observations  of  Soubeiran  and  Chodnew  (vid,  inf.)  do  not  quite 
agree  with  those  of  Fremy.  When  peeled  quinces,  not  perfectly  ripe, 
are  rubbed  to  a  pulp,  the  juice  filtered  off,  boiled  up,  filtered  again, 
cooled,  and  mixed  with  a  large  quantity  of  alcohol,  only  a  very  small 
quantity  of  jelly  is  produced.  If  the  remaining  substance  be  washed, 
and,  while  still  acid,  boiled  for  some  minutes  with  water,  and  finally 
again  with  hydrochloric  acid,  a  jelly  is  again  obtained.  Perfectly  ripe 
quinces  yield  but  a  small  quantity  of  jelly  when  their  juice  is  pred- 
pitated  with  alcohol,  but  a  large  quantity  when  the  entire  fruit  is 
boiled  with  water.  The  jelly,  after  being  washed  with  alcohol,  dis- 
solves but  partially  in  water,  a  portion  not  dissolving  till  it  has  again 
been  boiled  with  addulated  water.  From  the  juice  of  other  fruits, 
also,  alcohol  precipitates  pectous  substances  only  partly  soluble  in 

water  (Soubeiran).     See  also  other  experiments  of  the  same  kind  by  Soubeiran 
(N.  J.  Pkarm.  11,  418  and  12,  420). 

Chodnew  obtains  from  washed  roots  or  unripe  fruits,  by  boiling 
with  hydrochloric  acid,  not  pectin,  but  the  substance  which  he  calls 
pectous  acid  f  p.  396),  afterwards  from  the  substances  thus  exhausted 
with  acids,  nyperpectic  acid  may  be  extracted  by  boiling  with  potash- 
ley  (not  with  ammonia).  He  regards  both  these  bodies,  pectous  acid 
C*H'"0**,  and  hyperpectic  add  C*H**0%  as  existing  ready-formed  in 
the  fleshy  part  of  the  fruit  and  in  the  root,  and  as  capable  of  yielding 
pectic  acid,  when  these  substances  are  boiled  without  having  been 
previously  exhausted  with  add,  according  to  the  equation  C*H"K)* 
+  C'«H"0*'  =  2C»fl*»0».  But,  since  his  pectous  add  is  converted 
into  pectic  add  by  solution  in  potash-ley  and  predpitation  with 
adds,  a  change  which  appears  to  take  place  without  evolution  of 
hydrogen  or  absorption  of  oxygen,  the  two  acids  cannot  stand  to  one 
another  in  the  relation  indicated  by  the  formulae  above  given.  Pectous 
acid,  according  to  Chodnew,  occurs  in  turnips  in  combination  with  lime, 
and  may  be  extracted  by  boiling  water  after  the  lime  has  been  re- 
moved by  cold  hydrochloric  acid. 
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Preparation.  The  expressed  piid  filtered  juice  of  very  ripe  pears  is 
treated  with  oxalic  acid  to  precipitate  the  dissolved  lime,  and  with 
tannic  acid  to  precipitate  albumin,  and  the  filtrate  is  mixed  with  alcohol 
which  precipitates  pectin  in  long  threads.  These  are  purified  by  wash- 
ing with  alcohol,  repeated  solution  in  cold  water,  and  precipitation  with 
alcohol,  till  neither  sugar  nor  an  organic  acid  can  be  detected  in  the 

solution  (Fremy).     Pure  pectin  leaTet  no  residue  when  it  is  treated  with  excess  of 
baryta- water,  and  the  solution  filtered  from  the  pectate  of  baryta  is  evaporated  (Premy.) 

Braconnot  boils  the  recently  expressed  juice  of  ripe  apples  for  a 
while  to  coagulate  the  albumin,  precipitates  the  filtrate  with  alcohol,  and 
purifies  it  by  repeated  solution  in  water  and  precipitation  with  alcohol. 

Guibourt  leaves  currant-juice  to  ferment  slightly  and  soUdify  to  a 
jelly,  and  boils  the  jelly  with  alcohol.  The  product  thus  obtained  is 
probably  pectosic  acid  (Kr.). 

Poumarede  &  Figuier  leave  comminuted  gentian  roots  to  soften  in 
warm  water,  wash  them  thoroughly  with  water  and  very  dilute  acetic 
acid,  and  digest  the  roots  thus  prepared  with  very  dilute  acetic  acid  at 
80° — 90°  for  half  or  three-quarters  of  an  hour,  and  precipitate  the 
solution  with  alcohol  of  36°.  The  precipitated  pectm,  purified  by 
pressure,  repeated  solution,  and  precipitation  and  washing  with  alcohol 
and  ether,  is  a  neutral,  light,  fibrous  substance  yielding  from  8  to  9 
p.  c.  ash  and  containing  at  120°,  on  the  average,  43*38  p.  c.  carbon, 
5*67  hydrogen,  and  50*95  oxygen ;  according  to  PoumarMe  &  Figuier, 
it  is  isomeric  with  cellulose.  It  is  not  blackened  by  oil  of  vitriol,  it  is 
converted  into  pyroxylin  by  nitrosulphuric  acid,  and  it  reduces  feiyic 
salts.  From  its  aqueous  solution  it  is  precipitated  by  concentrated 
aqueous  alkalis  and  by  many  salts.  After  its  aqueous  solution  has 
been  treated  with  very  dilute  potash,  it  is  not  precipitated  by  acids  as 
pectic  acid,  but  may  be  recovered  with  all  its  properties  by  addition 
of  alcohol.  The  transformation  of  pectin  into  pectic  acid  does  not 
take  place  till  the  mineral  substances  contained  in  .the  former  have 
undergone  a  transformation  [of what  kind?  Kr.].— From  carrots  Pou- 
marede &  Figuier  obtain  a  pectin  [different  from  the  former  ?]  by  washing 
the  root-pulp  with  water  and  dilute  acetic  acid,  then  boiling  it  with 
dilute  carbonate  of  sodii,  neutralising  with  hydrochloric  acid,  and  pre- 
cipitating with  alcohol.  This  pectin  likewise  dissolves  in  water,  and 
contains,  at  120°,  43*33  p.  c.  carbon,  5*66  hydrogen,  and  51*01  oxygen. 

Mulder  precipitates  the  expressed  and  filtered  juice  of  apples  with 
alcohol  and  boils  the  precipitate  with  alcohol  to  remove  sugar,  malic 
acid  and  tannin.  Such  pectin  from  sweet  apples,  after  deduction  of 
6*9  p.  c.  ash,  contains  44*59  p.  c.  carbon,  5*35  hydrogen  and  50*06 
oxygen;  from  sour  apples,  after  deduction  of  9*3  p.  c.  ash,  45*23  C, 
6*47  H.,  and  49*30  0.  It  is  precipitated  on  agitating  its  aqueous  solu- 
tion with  hydrated  lead-oxide,  also  by  basic  acetate  of  lead.  The 
latter  precipitate  contains  56-62  p.  c.  lead-oxide,  and  after  deduction 

of  this,  45*00  p.  c.  C,  6*37  H.,  and  42*53  0.     (What  becomes  of  the 
ash?  Kr.). 

Chodnew  obtains  pectin :  a.  By  boiling  crushed  pears  with  water, 
precipitating  the  filtered  juice  with  alcohol,  and  washing  with  alcohol 
and  ether,  whereby  it  becomes  opaque,  and  acquires  the  texture  of 
woody  fibre,  vields  after  drying  at  115°,  8*63  p.  c.  ash,  and  after 
deduction  of  this,  46*04  p.  c.  C,  5*50  H.,  and  48*46  0.  This  pectin  is 
not  precipitated  by  chloride  of  barium,  but  it  is  precipitated  by  neutral 
acetate  of  lead  and  sulphate  of  copper,  and  therefore  agrees  with 


»  ■ 
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Fremy'B  parapectin  (p.  399).  —  b.  Or  he  obtains  it  by  boiling  the 
expressed  juice  of  bruised  apples,  precipitating  with  alcohol,  redis- 
solving  in  water,  mixing  the  solution  with  hydrochloric  acid,  and  pre- 
cipitating with  alcohol.  It  contains  1'6  p.  c.  ash,  and  after  deduction 
of  this,  43-75  p.  c.  C,  6-52  H.,  and  50*73  0.  This  pectin  resembles 
that  obtained  by  a,  but  has  a  slight  acid  reaction  and  sometimes 
reduces  an  alkaline  solution  of  cupric  oxide.  Its  lead-compounds  con- 
tain 23  and  33*45  p.  c.  PbO.  Pectin  prepared  from  pears,  accord- 
ing to  b,  contains  1-23  p.  c.  ash  and  43*79  p.  c.  C,  6*84  H.  and 
60*37  0.     Chodnew  gives  the  formula  C»H"0**. 

Chodnew's  pectoua  acid  is  obtained  from  the  washed  pulp  of  turnips 
or  apples,  by  boiling  with  hydrochloric  acid  and  precipitating  with 
alcohol,  after  which  it  is  washed  with  alcohol  and  ether,  pressed  and 
dried  at  120°.  Non-friable  mass,  resembling  woody  fibre,  slightly  acid, 
and  soluble  in  water  even  after  drying.  Contains  0*83  p.  c.  ash,  and  on 
the  average  43*16  p.  c.  C,  5*60  H.  and  51*24  0. ;  according  to  Chodnew 
=  C*H*^()**.  It  is  converted  into  pectic  acid  by  solution  in  potash- 
ley  and  precipitation  with  hydrochloric  acid,  precipitated  from  the 
aqueous  solution  as  a  jelly  by  excess  of  potash-ley  or  lime-water,  but 
not  by  chloride  of  potassium.  If  the  solution  has  been  previously 
mixed  with  ammonia,  chloride  of  potassium  throws  down  a  jelly 
soluble  in  hydrochloric  acid.  From  aqueous  pectous  acid,  neutral 
acetate  of  lead  precipitates  a  jelly  soluble  in  acetic  acid,  and  when 
dried  at  120°,  containing  34*02  p.  c.  C,  4*22  H.,  39*63  0.  and  22*13 
PbO.  (C*H"O^,Pb0,  according  to  Chodnew).  A  mixture  of  aqueous 
pectous  acid  and  nitrate  of  silver  becomes  viscid  after  a  while,  acquires 
a  faint  dark  red  colour,  becoming  dark  brown-red  after  addition  of  a 
little  ammonia  and  heating ;  alcohol  throws  down  from  the  same  solu- 
tion a  jelly,  which  becomes  reddish  at  100°,  and  contains  33*62  p.  c. 
C,  4*12  H.,  39*05  0.  and  23*21  AgO.  (C«H'»0^,AgO.,  according  to 
Chodnew).     Chodnew  thinks   it  probable  that    this  pectous  acid  is 

identical  with  pectin.     On  Chodnew's  Hyperpecticadd,  see  Peetie  acid. 

Properties,  White  amorphous  mass,  obtained  by  evaporation  of  its 
aqueous  solution,  in  transparent  laminsB  (Braconnot),  and  by  precipita- 
tion of  its  concentrated  solution,  in  threads,  from  its  dilute  solution,  in 
the  form  of  a  jelly.  Neutral.  Tasteless.  Destitute  of  rotatory  power. 
(Fremy.) 

Fremy. 
Calculation  according  to  Fremy.  mean, 

64  C  384    40*67     39*92 

48  H 48     5-08     550 

64  O 512     54-25     64-58 

C"H«0"  944     10000     10000 

After  deduction  of  about  1  p.  c.  ash.  —  Numbers  different  from  those  in  Fremy 's 
analyses  were  obtained  by  Mulder,  Chodnew,  and  Foumar^de  &  Figuier,  who  have  also 
proposed  other  formulae  (see  aboye).  Gerhardt  {Compt»  ehim,  1849,  62)  gave  the 
formula  C«H»«0»,2H0;  Berzelius  (Jahretber.  24,  373)  gare  C«H»«0»;  Gmdin 
C^H^^O^.  If  these  formulse  were  adopted,  those  of  all  the  other  pectous  substances 
would  require  alteration.  Fremy 's  formulse  for  the  whole  of  the  pectous  substances  are 
also  considered  doubtful  by  many  chemists. 

Decompositions,  When  pectin  (or  one  of  the  other  pectous  sub- 
stances) is  heated  to  200'',  carbonic  acid  and  water  are  evolved,  and 


\ 
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black  pyropectic  acid  is  formed.  This  acid  contains  51*32p.  c.  C, 
5*33  H.,  and  43*35  0.,  corresponding  to  the  formula  C"IPO'  (calc. 
50-96  C,  5-46  H.  and  43*58  O) ;  it  is  insoluble  in  water,  but  dissolves  with 
brown  colour  in  aqueous  alkalis  (Fremy).  —  Pectin  when  bw^nt,  smells 
like  burning  tartaric  acid  (Fremy).  —  Pectin  boiled  with  nitric  acid,  is 
very  easily  converted  into  saccharic  acid,  and  by  longer  boiUng,  into 
mucic  acia  (Fremy).  It  does  not  become  coloured  with  nitric  acid, 
yielding  mucic  acid,  but  no  sugar.  (Chodnew).  The  solution  of 
pectin  in  strong  nitric  acid  deposits  pectic  acid  on  addition  of  water 
(Braconnot,  Ann.  Chim.  Phys.  62,  294). 

Under  the  influence  of  water,  adds  or  alkalis,  pectin  suffers  trans- 
formations, taking  up  or  giving  off  water,  or  merely  suffering  molecular 
alteration,  and  producing  other  pectous  bodies,  those  which  are  first 
produced  frequently  undergoing  further  alteration  by  the  action  of  the  • 
reagent  employed.  Several  of  these  pectous  substances  may  be 
obtained  directly  from  pectose. 

The  substance  called  pectose,  which  occurs  together  with  pectose 
in  fruits  and  roots,  acts  on  pectin  as  a  ferment,  somewhat  in  the  same 
manner  as  emulsin  and  diastase  act  on  other  bodies.  It  is  precipitated 
by  alcohol  from  the  juice  of  carrots  and  turnips,  and  thereby  loses  its 
solubility  in  water.  Unripe  apples  and  other  fruits  contain  it  in  the 
insoluble  state.  It  is  rendered  inactive  by  putrefaction  or  by  prolonged 
boiling  with  water  (Fremy). 

Oeneral  view  of  the  transformations  of  Pectin  and  the  muttiol  relations  of 

Pectous  substances. 

1.  Pectose  heated  with  dilute  acids  is  converted  into  pectin,  whichi 
by  longer  boiling  is  transformed  into  metapectic  acid. 

2.  By  boiling  with  milk  of  lime,  it  is  converted  into  metapectic  acid. 
Plrobably  pectic  add  is  formed  in  the  first  instance. 

3.  Pectin,  when  its  aqueous  solution  is  left  to  itself,  changes  into 
metapectic  acid.  If  pectose  is  likewise  present,  the  change  takes 
place  more  quickly,  pectosic,  pectic  and  metapectic  acid  being  succes- 
sively produced. — When  pectin  is  boiled  with  water,  parapectin  is 
produced. 

4.  Pectin  boiled  with  strong  acids,  is  converted  into  metapectic 
add. 

5.  By  cold  dilute  aqueous  alkalis,  it  is  converted  into  pectosic  acid, 
which  quickly  imdergoes  further  transformation  into  pectic  acid,  or  by 
boiling  with  strong  alkalis  into  metapectic  acid. 

6.  Parapectin  boiled  with  dilute  acids  is  converted  into  metapectin ; 
aqueous  alkalis  convert  it  into  a  pectate. 

7.  Metapectin  is  converted  by  alkalis  into  salts  of  pectic  acid. 

8.  Pectosic  acid  is  converted  into  pectic  acid  by  boilinc'  with  water, 
either  pure  or  alkaline,  or  by  contact  with  pectase.  —  When  boiled 
with  aqueous  alkalis,  it  forms  metapectic  acid. 

9.  Pectic  acid  is  converted,  by  long  contact  with  water  in  the  cold, 
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more  quickly  at  the  boiling  heat,  into  parapectic  acid,  then  further 
into  metapectic  acid.  Boiling  with  acids  or  alkalis  likewise  converts 
it  into  metapectic  acid. 

10.  Parapectic  acid  in  contact  with  water,  is  quickly  converted  into 
metapectic  acid. 

11.  Metapectic  a(nd  CQjmoi  be  converted  into  any  other  substance 
of  the  pectin  group. 

Note  to  3.  A  recently  prepared  aqueous  solution  of  pectin  is  not 
precipitated  by  neutral  acetate  of  lead,  but  becomes  precipitable 
thereby  after  standing  for  several  days.  The  precipitate  at  first  pro- 
duced contains  15'67  p.  c.  lead-oxide ;  if  the  same  pectin  be  boiled  or 
left  for  some  time  in  contact  with  water,  precipitates  are  formed  con- 
taining 16-54  and  24*6  p.  c,  and  finally,  after  very  long  boiling, 
49*42  p.  c.  lead-oxide. 

When  aqueous  pectin  at  30°  is  mixed  with  pectase,  the  solution 
becomes  gelatinous  after  a  while,  from  separation  of  pectosic  acid. 
This  transformation  is  likewise  produced  by  insoluble  pectase  (vid.  sup.), 
and  takes  place  even  in  close  vessels  and  without  evolution  of  gas.  The 
juice  of  carrots  and  mangold-wurzel  brings  about  the  same  decompo- 
sition of  pectin-solution,  probably  because  it  contains  soluble  pectase ; 
on  the  other  hand,  the  juice  of  unripe  apples  and  other  unripe  fruits 
does  not  act  upon  pectin,  whereas  the  fleshy  part  of  fruits  containing 
insoluble  pectase  does  exert  an  action  upon  it.  By  further  alteration 
the  pectosic  acid  is  finally  converted  into  metapectic  acid,  unmixed 
with  any  other  product. 

The  jelly  into  which  the  juice  of  dried  fruits  solidifies,  dissolves 
for  the  most  part  in  boiling  water,  and  then  consists  of  pectin  and 
pectosic  acid,  formed  by  the  successive  transformation  of  the  pectose 
(under  the  influence  of  acids  and  pectase).  If  however  the  fruits 
are  rapidly  heated,  the  pectase  may  become  inactive  before  it  has 
effected  the  transformation  of  the  pectin.  Other  jellies  are  formed  by 
the  solution  of  pectic  acid  in  the  salts  of  organic  acids. 

Note  to  4.  No  sugar  is  formed  by  boiling  pectin  with  dilute  acids, 
even  for  several  hours  (Fremy).— Pectin,  boiled  with  a  small  quantity 
of  hydrochloric  or  dilute  sulphuric  acid,  becomes  rose-red,  and  on  adding 
alcohol  to  the  solution,  nothing  is  separated  but  a  few  flocks  which 
settle  down  on  standing.  The  solution  contains  sugar  and  a  soluble 
baryta-salt,  perhaps  of  malic  acid.  (Chodnew.) 

Note  to  5.  Even  the  smallest  quantity  of  fixed  alkali  converts 
pectin  into  pectic  acid,  and  larger  quantities  separate  a  basic  pectate. 
(Braconnot.)  Cold  aqueous  ammonia,  potash,  or  soda,  or  a  cold  solu- 
tion of  an  alkaline  carbonate,  first  produces  pectosic  acid.  (Fremy.) 
Pectin  boiled  with  the  carbonates  of  the  alkaline  earths,  decomposes 
them  and  forms  soluble  compounds,  from  which  the  pectin  may  be 
recovered.  With  excess  of  lune-water,  it  forms  insoluble  pectate  of 
lime,  no  organic  substance  passing  into  the  solution.  By  excess  of 
alkali  it  is  instantly  converted  into  pectic  acid,  which  may  be  precipi- 
tated by  acids,  but  when  thus  obtained  is  very  easily  transformed 
into  metapectic  acid.  (Fremy .J  If  a  cold  aqueous  solution  of  pectin 
(or  pectous  acid)  be  mixed  witn  a  small  quantity  of  potash-ley,  acids 
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precipitate  from  it  a  ielly,  which,  after  washing  with  dilute^hydrochloric 
acid  and  alcohol,  and  drying  at  120°,  dissolves  readily  in  water,  and  is 
not  precipitated  by  acids,  and  therefore  does  not  consist  of  pectic  add. 
This  jelly  yields  a  lead-salt  containing  28-2  p.  c.  lead-oxide.  (Chodnew.) 
—  A  boiling  aqueous  solution  of  pectin  mixed  with  excess  of  potash- 
ley,  frequently  gives  no  precipitate  with  acids,  because  the  pectic  acid 
formed  in  the  firat  instance  has  been  already  converted  into  metapectic 
add. 

Combinations.  Pectin  dissolves  readily  in  water.  The  solution  is 
gummy  and  very  viscid,  but  if  free  from  albuminous  substances,  does 
not  solidify  to  a  jelly.  (Fremy .^ 

Pectin  unites  with  the  alkaline  earths  (p.  398).  —  It  is  predpitated 

from  its  aqueous  solution  by  basic  acetate  of  lead,  but  not  by  the  neutral 

acetate.  (Fremy.)  The  le^d-compound  formerly  described  hj  Fremy  appears  to 
have  contained  parapectin. 

Alcohol  added  to  a  concentrated  aqueous  solution  of  pectin,  throws 
down  threads ;  from  a  dilute  solution  it  separates  a  transparent  jelly. 
(Fremy.)    Pectin  is  not  precipitated  by  tincture  of  galls.  (Braconnot.) 


Parapectm. 

Premt.    N.  Ann.  Ckim.  Phys.  24,  14. 

Soluble  in  water,  like  pectin  and  metapectin ;  distinguished  from 
the  former  by  being  precipitable  by  neutral  acetate  of  lead,  and  from 
the  latter  by  not  being  precipitated  by  chloride  of  barium  (pp.  899 
and  400). 

Aqueous  pectin,  when  boiled  for  several  hours,  loses  its  gummy 
consistence,  and  is  converted  into  parapectin,  which  is  precipitated  by 
alcohol  in  the  form  of  a  translucent  jelly.  It  then  still  retains  albu- 
minous substances,  which  are  precipitated  from  the  aqueous  solution 
by  addition  of  a  small  quantity  of  basic  acetate  of  lead. 

Amorphous,  neutral  substance  resembling  pectin.  Tasteless.  Iso- 
meric with  pectin  at  100°,  but  gives  up  2  at.  water  when  heated  to 
140^ 


64  C    MM... 

46  H    

62  O    

at  140^ 
384    ....     41-48    ... 

■  ••••       40       •»••          4  Sf/       «•• 

496    ....    53-55     ... 

a. 

41-51 

5-48 

53-01 

Fremy. 
b, 

....    42*88 
....      5-68 
....     51-44 

c. 

....    43-77 
....      5-41 
....     50-82 

C«H*»0"... 

926    ,..,  100-00    .... 

10000 

....  100-00 

....  100-00 

a  is  parapectin  sereral  dmes  purified ;  b  and  e  are  less  pore. 

Parapectin  is  converted,  by  boiling  with  dilute  acida^  into  meta- 
pectin ;  by  aqueous  alkalis  into  a  salt  o^  pectic  add. 

Lead-compound.  —  Aqueous  parapectin  precipitates  neutral  acetate 
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of  lead.  The  precipitate  obtained  on  one  occasion  contained  11*9  p.  c 
PbO  (C«H«O«,HO,PbO=10-7  p.  c),  in  other  cases,  from  18-8  to  19*6  p.  c 
or  more. 

Bibatie*  Fremy. 

64  C; 384-0    33-41  33-06 

46  H    46-0 4-00  4-29 

62  0 4960     4816  4345 

2  PbO    223-4     19-43  19'20 

C"H«0«,2PbO  1149-4     100-00    100*00 


Metapectin. 

C«*H«0«f 
Freict.    N.  Ann.  Cktm.  Phys.  24,  17. 

Soluble  in  water,  like  pectin  and  parapectin ;  distinguished  from 
both  by  its  acid  properties  and  precipitability  by  chloride  of  barium 
(p.  400). 

Parapectin  is  quickly  converted  into  metapectin  by  boiling  with 
dilute  acids.  —  XJncrystallisable.  Has  an  acid  reaction.  Metapectin 
dried  at  100°,  gives  off  2  at.  water  at  140°. 

at  140",  Fremy. 

64  C 884     41-48     41-85 

46  H 46     4-97     5-58 

62  0 496     53-55     52-57 

C«H«0« 926    100-00    10000 

By  alkalisy  it  is  converted  into  a  salt  of  pectic  acid.  —  It  dissolves 
in  water ;  if  the  solution  also  contains  hydrochloric,  sulphuric,  or  oxalic 
acid,  alcohol  throws  down  gelatinous  compounds  of  these  acids  with 
metapectin.  From  aqueous  metapectin,  chloride  of  barium  throws 
down  a  precipitate  containing  from  14  to  15  p.  c.  BaO  (C**H**0",  2BaO 
=  14-1  p.  c.  BaO). 

Lead'Compound.  Fremy. 

64  C    384-0  ....  33-41  „  33-29 

46  H    460  ....  400  443 

62  O    4960  ....  43-16  41-98 

2  PbO    223-4  ....  19-43  2030 

C«H«0«,2PbO 1149-4     ....  100-00    100-00 


Fectosic  Acid. 

?  C»H«0«*  or  C~II*«0«». 
Fremy.    N.  Ann,  Chim.  Phys.  24,  22. 

Insoluble  in  cold  water,  like  pectic  acid,  but  distinguished  there- 
from by  its  solubility  in  boiling  water  (p.  897). 
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Obtained  as  the  first  product  of  the  action  of  pectase  or  of  aqueous 
alkalis,  on  aqueous  pectin,  the  solutions  solidifying  to  a  jelly  immediately 
or  after  addition  of  acids ;  but  it  is  quickly  converted  into  pectic  acid 
by  the  further  action  of  the  same  agents,  or  by  boiling  with  water. 
It  has  an  add  reaction. 

Fremy. 

32  C  192    41-48     41-08 

23  H 23     4-97     5-26 

31  O 248     53-55     63-67 

C«H*H)n  463    lOO'OO    100*00 

It  is  nearly  insoluble  in  cold  watery  quite  insoluble  in  water  con- 
taining hydrochloric  acid,  but  easily  soluble  in  boiling  water,  and  forms 
a  jelly  on  cooling.  The  gelatinous  amorphous  pectosates  are  easily 
converted  into  pectates  by  excess  of  base ;  when  pure,  they  dissolve 
completely  in  warm  dilute  acid,  whereas  pectates  leave  a  residue  of 
pectic  acid. 

Pectoaate  of  Baryta.  —  Precipitated  from  aqueous  pectin  by  a  quan- 
tity of  baryta- water  insufficient  for  complete  precipitation.  Contains, 
on  the  average,  24-4  p.  c.  baiyta  (C»H?*0»,2BaO  ==  25-3  p.  c.  BaO), 

Pectosaie  of  Lead.  Vremj, 

32  C 192*0  28-72    28-82 

21  H 21-0  3-14     3-49 

29  O 232-0  34-72     34-94 

.        2  PbO 223-4  83-42    32-75 

C«HnO»,2PbO 668-4    10000 100-00 


Pectic  Acid. 

Braconnot.     (1824).  Ann.  Chim.  Phya.  28,  173 ;  80,  96 ;  also  Schw. 

44,  141;   45,  400;  N.  Tr.  11,   1,  66;  13,  1,  126;  Ann.  Pharm.  5 

275.— ^nn.  Chim.  Phys.  47,  266;  N.  Tr.  25,  2,  167. 
Regnault.     J.  Pharm.  24,  201 ;  J.  pr.  Chem.  14,  270. 
MxjLDER.    Pogg.  44,  432;  J.pr.  Chem.  14,  277;  16,  246. 
Fremy.    J.  Pharm.  26,  368;    J.  pr.  Chem.  21,   1;   Ann.  Pharm  67, 

276. 
Froj^iberg.   Schetk.  Onderzoeh.  2,  31 ;  /.  pr.  Chem.  32, 179  j  Ann.  Pharm. 

48,  56. 
Chodnbw.    Ann.  Pharm.  61.  360. 

PectinadMr€,pecti9ehe  Saure,  QuUerttawre.  DiscoTered  by  Braconnot,  fint  analysed 
by  Regnanlt. 

Occurrence.  Although  pectic  acid  may  be  obtained  from  most 
plants,  if  not  from  all,  it  does  not  exist  in  them  ready-formed,  at  least 
not  always  (Braconnot),  but  is  produced  from  pectose  or  pectin  (Fremy). 
Chodnew  is  also  of  opinion  that  pectic  acid  does  not  exist  ready-formed 
in  plants,   although   he  explains   its   formation   in  a  different  way 

(Seep.  394). 

VOL,   XV.  2  I> 
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When  carrots,  beet,  or  Swedish  turnips  are  boiled  with  weak  acid, 
— in  order  to  convert  the  whole  of  the  pectose  into  pectin,-^o  long  as 
pectin  remains  in  solution,  alkalis  extract  little  or  no  peotic  acid  from 
the  residue ;  old  roots,  however,  yield  a  larger  quantity  than  fresh 
roots.  The  greater  portion  of  the  pectic  acid  is  therefore  formed 
dunng  the  reaction ;  but  as  pectic  acid  when  boiled  with  acids  is  first 
altered  and  afterwards  dissolved,  the  experiment  is  not  decisive 
(Fremy).  In  another  place,  Fremy  states  that  fruits  and  roots  yield 
pectic  acid  to  alkalis,  even  after  exhaustion  with  acids. 

Formation.  (See  page  394.)  —  On  the  formation  of  pectic  or  parapectic  acid 
aooordinff  to  S«boonbradt,  lee  $Hgur  (p.  252);  on  Sacc^i  pM^lo  ^d  from  Wood,  tee 
pa|[e  413. 

PrtparaHon.  1.  Well  washed  carrot-pulp  is  boiled  with  water 
slightly  acidulated  with  hydrochloric  acid,  whereby  pectin  is  dissolved. 
This  pectin  is  converted  into  pectate  of  soda  by  boiling  with  the 
proper  quantity  of  carbonate  of  soda  (to  be  determined  by  trial) ;  the  solu- 
tion is  precipitated  with  hydrochloric  acid ;  and  the  separated  pectic 
acid  is  dried,  first  in  vacuo,  then  by  heat.  If  too  small  a  quantity  of 
carbonate  is  added,  pectosic  acid  may  be  formed ;  if  too  much,  meta- 
pectic  acid  raay  be  formed  (Fremy).  —  2.  The  pulp  of  peeled  turnips 
is  well  washed  with  water  and  pressed,  and  the  residue  is  boiled  for 
three  quarters  of  an  hour  with  water  to  which  -^  of  carbonate  of  soda, 
or  a  small  quantity  of  hydrate  of  potash,  has  been  added.  The  liquid 
is  filtered,  tne  solution  is  precipitated  with  chloride  of  calcium ;  and 
the  pectate  of  lime  is  decomposed  by  hydrochloric  acid  (Braconnot, 
Regnault ;  Simonin,  J.  Pharm.  20,  478  ;  Ann,  Pharm.  13,  641).  Reg- 
nault  dissolves  the  still  coloured  pectic  acid  in  aqueous  ammonia; 
decolorises  it  with  animal  charcoal  at  60°  to  80°  ;  precipitates  the  filtrate 
with  hydrochloric  acid ;  and  repeats  the  solution  in  ammonia  and  pre- 
cipitation with  acid,  in  order  to  remove  the  mineral  constituents.  — 
3.  The  pulp  of  carrots  or  celery  is  exhausted  by  washing  with  pure 
water,  boiling  with  water  containing  hydrochloric  acid,  and  again 
washing  with  pure  water;  the  residue  is  boiled  with  very  dilute 
potash-ley,  and  the  solution  is  precipitated  with  hydrochloric  acid. 

(Braconnot).      Fremy  obtained  by  this  process  only  a  small  quantity  of  pectic  acid 

(▼id.  sup.).  Chodnew  boils  turnips  after  trituration,  washing  and  press- 
ing, with  very  dilute  potash,  for  half  to  three-quarters  of  an  hour ; 
strains ;  precipitates  the  fitill  turbid  solution  with  hydrochloric  acid ; 
washes  the  pectic  acid  several  times,  first  with  acidulated,  then  with 
piire  water;  presses  it  with  the  hand  after  each  washing,  and  redis- 
solves  it  in  ammonia,  whereby  an  easily  filtering  liquid  is  obtained, 
which,  after  filtration,  is  precipitated  with  hydrochloric  acid.  This 
precipitate  is  washed  as  above,  and  finally  with  alcohol. 

Pectic  acid  prepared  in  the  ordinary  way  (probably  according  to  methoda 
2  and  3)  contains  albuminous  substances  which  may  be  more  easily  pre- 
cipitated by  small  quantities  of  basic  acetate  of  lead,  after  prolonged 
boiling  of  the  solution  supersaturated  with  ammonia  (Fremy). 

Mulder  washes  comminuted  carrots,  turnips  or  sweet  apples  with 
water,  boils  the  residue  with  very  dilute  potash,  not  in  excess,  and 
precipitates  with  hydrochloric  acid.  After  purifying  the  pectic  acid 
by  boiling  with  alcohol,  he  finds  that  it  has,  both  in  the  free  state  and 
in  combination  with  acids,  the  same  composition  as  pectin,  containing 
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after  deduction  of  3  to  6  p.  c.  ash,  from  44'5  to  45  p.  c.  carbon,  and 
6*25  to  5*36  hydrogen.  The  baryta-salt  from  sweet  apples  contains 
20*07  p.  c,  that  from  turnips  24*01  p.  c.  BaO ;  the  lime-salt  from  car- 
rots contains  9-72  p.  c.  CaO;  the  lead-salt  from  carrots,  41*57  p.  o. 
PbO }  the  cupric  salt  from  carrots  contains  18*47  ger  cent.,  that  n-om 
apples  26*28  p.  c,  that  from  turnips  17*07  p.  c.  CuO.  This  pectic  acid 
immersed  in  dry  ammonia  gas  takes  up  3*43  p.  c.  ammonia,  which 
escapes  at  100*.  Prom  these  results  Mulder  regards  pectic  acid  t^ 
C"H'0**,  and  as  identical  with  pectin  (see  page  393). 

Fromberg  prepares  his  pectic  acid  from  turnips,  which  he  com- 
minutes, washes  with  cold  water,  and  boils  with  very  dilute  carbonate 
of  soda.  After  precipitation  with  hydrochloric  acid,  washing,  and  dry- 
ing at  100"*,  it  contains  7  p.  c.  ash  containing  carbonic  acid;  his 
analyses  he  calculates,  agreeing  with  Mulder,  at  44*58  p.  c.  carbon, 
6*17  hydrogen,  and  50*25  oxygen.  His  lead-s^t  contains  49*81 
p.  c.  PbO;  his  copper-salt  16*01  p.  c.  CuO.  On  the  deoompositiont 
with  alkalis,  page  404.  Both  Mulder  and  Fromberg  have  overlooked  the 
influence  which  the  large  amount  of  ash  must  hav^  on  the  proportion 
of  metal  in  the  salts  (Kr.). 

Chodnew's  Hyperptctic  add  is  obtained  from  turnip-pulp  exhausted 
with  hydrochloric  acid  (see  P«c<om^  acirf,  p.  396),  by  boiling  with  dilute 
potash-ley  (not  with  ammonia),  and  is  precipitated  as  a  jeUy  by  hydro- 
chloric acid.  It  contains  at  100°,  after  deduction  of  0*52  p.  c.  asb^ 
41*46  p.  0.  carbon,  4*83  hydrogen,  and  53*71  oxygen,  and  is  distinguished 
from  pectic  acid  by  dissolving  in  aqueous  fixed  alkalis^  but  not  in 
ammonia. 

Properties.  Pectic  acid  in  the  moist  state,  is  a  transparent,  colour- 
less jelly,  which  dries  up  to  a  white  amorphous  mass.  Transparent, 
homy  mass,  difficult  to  pulverise  (Regnault)*  Resembles  woody  fibre 
and  is  very  friable  (Ohodnew).  Has  an  acid  taste  and  reaotion 
(Braoonnot,  Fremy). 

Regnaalt  Chodnew.  Fremy. 

CalcuhiioH  recording  to  Fremy.  a/  140^  a/  120^  at  120% 

32  C    192     ....     42-29     4269     42*22     41-40 

22  H   22     ....      4-84     4*71     524     4*77 

SO  6    240    ....     52*87     62*60     5254     58*83 

C«HaO» 454     ....  100-00     10000     10000    10000 

All  the  analyees  are  ipTcn  as  mean  remits.  Regnault  8t  Cbodnew  examined  pectic 
acid  prepared  from  turnips  j  Fremy  analysed  acid  from  Tarious  sources.  Chodnew's 
acid  left  \  p.  c.  ash,  which  Is  deducted.  —  Respecting  Mulder's  and  Fromberg* s  analyses, 
see  aboTC.  Regnault  gave  the  formula  C^^H^O^,  both  for  pectic  acid  dried  at  140® 
and  for  that  contained  in  the  salts.  Chodnew  gives  the  formula  C^H^O^,  which  agrees 
with  the  composition  of  many  of  the  pectates,  and  requires  42'42  p.  c.  carbon,  5*06 
hydrogen,  and  52*52  oxygen. 

Decompositions  (seep.  397).  1.  Pectic  acid  becomes  coloured  at  120° 
(Regnault);  black  at  150®  (CSiodnew),  and  at  200°  ^ves  off  carbonic  acid 
and  water,  and  is  converted  into  parapectic  acid,  p.  410  (Fremy). — 
2.  Melts  when  heated,  swells  up,  Imms  away  and  leaves  a  difiScultly  com- 
bustible chaircoal.  (Regnault.)  Bums  without  swelling  up.  (Chodnew.) 
—  3.  When  pectic  add  is  boiled  with  water j  parapectic  acid  is  formed, 
likewise  when  insoluble  pectates  are  boiled  with  wat^r.  (Fremy.)  When 
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pecticacid  is  left  in  contact  with  water  for  two  or  three  months,  it  dis- 
solves as  metapectic  acid,  which  is  likewise  produced  when  pectic  add  is 
boiled  with  water  for  36  hours,  or  when  moist  pectic  acid  is  dried  by 
heat.  Not  a  trace  of  sugar  is  formed,  even  after  boiling  with  water 
for  7  or  8  days,  and  the  solution  does  not  reduce  potassio-cupric  tar- 
trate unless  it  contains  para-  or  metapectic  acid.  (Fremy.)  See  below. 
When  moist  pectic  acid  is  washed  on  a  filter  with  boihng  water,  the 
filtrate  yields  with  neutral  acetate  of  lead,  a  precipitate  containing 
80-5  p.  c.  PbO ;  after  boiling  the  residue  left  in  the  filter  for  two  hours, 
a  lead-salt  is  obtained,  containing  35*5  p.  c.  PbO ;  and  after  one  hour's 
boiling,  a  precipitate  with  41*9  p.  c.  PbO.  The  organic  substance  of 
all  these  lead-salts  exhibits  the  composition  of  pectic  acid  (or  of  the 
isomeric  para-  or  metapectic  acid).    (Fremy.) 

4.  Pectic  acid  is  not  altered  by  cold  oil  of  vitriol^  but  is  quickly 
charred  by  that  liquid  when  heated.  (Braconnot,  Regnault.)  —  By 
boiling  with  diluU  oc^,  it  is  converted  into  metapectic  add,  which  dis- 
solves. (Fremy.) 

It  is  not  altered  by  hot  very  dilute  hydrochloric  add.  (Regnault.) 
—  Pectic  acid  prepared  from  turnips  does  not  dissolve  till  after  very 
long  boiling  with  dilute  acids  (more  quickly  with  concentrated  acids), 
and  the  solution  does  not  contedn  metapectic  acid ;  that  which  is  pre- 
pared from  pectin  decomposes  much  more  quickly.  When  the  first- 
mentioned  pectic  acid  is  boiled  with  dilute  mineral  adds,  the  liquid 
soon  acquires  a  faint  red  colour,  reduces  copper-  and  silver-salts,  and  if 
sulphuric  acid  is  used,  gives  off  carbonic  and  formic  adds,  and,  finally, 
an  odour  of  caramel.  The  solution,  which  remains  colourless  if 
diluted  at  the  right  moment,  leaves  a  black  product  when  filtered,  and 
if  evaporated  after  the  sulphuric  acid  has  been  removed  by  carbonate 
of  baryta,  it  leaves  a  syrup  from  which  alcohol  precipitates  a  baryta- 
salt  soluble  in  water,  leaving  in  solution  a  sugar  (partly  converted 
into  caramel),  which  is  fermentable  and  capable  of  uniting  with  com- 
mon salt.  The  baiyta-salt,  which  is  soluble  in  water,  appears  to 
contain  formic  acid,  and  an  acid  similar  to  malic  acid.  (Chodnew.)  — 
The  jelly  of  pippins  completely  freed  from  sugar  by  alcohol,  is  con- 
verted into  sugar  by  20  minutes'  boiling  with  oxalic  acid  (Couverchel, 
{Ann.  Chim.  Phys.  46,  181).  According  to  Fremy,  pectic  acid  is  trans- 
formed by  acids  in  the  same  manner  as  by  water,  therefore  without 
formation  of  sugar. 

5.  With  nitric  acid,  pectic  acid  yields  oxalic  acid  (Vauquehn)  and 
mucic  acid  (Braconnot).  Strong  nitric  acid  eliminates  carbonic  acid, 
and  forms  carbonic  and  mucic  acids  (Regnault).  Chodnew  obtained 
mucic  acid  from  pectin,  but  not  from  pectic  acid. 

6.  When  pectic  acid  is  heated  with  the  aqueous  solution  of  caustic 
alkalis  or  alkaline  carbonates,  metapectic  add  is  formed.  (Fremy.) 
Pectin  and  pectic  acid  prepared  from  it  undergo  these  transforma- 
tions much  more  readily  than  ordinary  pectic  acid.  (Fremy,  Chodnew.) 
The  liquid  acquires  a  brown  colour,  but  is  not  found  to  contain  oxalic 
acid.  (Fremy.)  When  pectic  add  (from  turnips)  has  been  boiled  for 
some  time  with  potash-ley,  the  solution  is  not  precipitated  by  acetic 
acid ;  but  hydrochloric  and  nitric  acids  soon  render  it  turbid,  and  at 
last  throw  down  flakes.  From  the  solution  neutralised  with  acetic 
acid,  alcohol  throws  down  a  jelly ;  neutral  acetate  of  lead,  a  precipitate 
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\vhich  exhibits  the  composition  of  pectate  of  lead  (27*08  p.  c.  carbon, 
3*16  hydrogen,  33'94  oxygen,  and  85*82  oxide  of  lead),  and  when 
decomposed  by  hydrosulphmic  acid,  yields  a  black  liquid,  which  can- 
not be  separated  from  the  sulphide  of  lead,  and  when  mixed  with 
alcohol  solidifies  to  a  jelly  in  a  few  hours.  These  precipitates  are 
likewise  formed  on  adding  alcohol  and  neutral  acetate  of  lead  to  a 
solution  of  pectic  acid  which  has  been  boiled  for  three  or  four  days 
with  a  large  excess  of  potash,  whereas  aqueous  pectin,  after  once 
boiling  with  potash-ley,  is  no  longer  precipitated  by  acids.  (Chodnew.) 

See  the  properties  of  Fremy's  Metapeetie  acid,  p.  411. 

Promberg's  pectic  acid  (p.  403),  after  boiling  for  half  an  hour  with 
aqueous  carbonate  of  soda,  was  no  longer  precipitated  by  acetic  acid ; 
but  neutral  acetate  of  lead  produced  a  yellow-brown  precipitate,  which 
at  140°  contained  41*39  p.  c.  PbO,  and  after  deduction  of  this,  44*8  p.  c. 
carbon,  5*33  hydrogen,  and  49*87  oxygen.  Another  time  the  solution, 
after  an  hour's  boiling  with  carbonate  of  soda,  or  a  quarter  of  an 
hour's  boiling  with  caustic  soda,  still  yielded  a  precipitate  with  acetic 
acid ;  but  af t«r  boiling  for  7  to  20  hours  with  carbonate  of  soda,  or 
digestion  for  24  hours  with  caustic  soda,  no  precipitate  was  obtained. 
The  latter  solutions,  after  neutralisation  witn  acetic  acid,  were  like- 
wise precipitated  by  chloride  of  barium,  chloride  of  calcium,  sulphate 
of  copper,  and  neutral  acetate  of  lead ;  and  it  was  only  after  still 
longer  boiling  with  caustic  soda,  that  a  liquid  was  obtained,  which 
when  neutralised  with  acetic  acid,  was  not  precipitated  by  any  of  the 
above-mentioned  reagents  except  acetate  of  lead.  Hence  the  forma- 
tion of  metapeetie  acid  is  preceded  by  that  of  an  acid  which  is  not 
precipitated  by  acetic  aci<^  but  is  thrown  down  from  the  neutral 
solution  by  lime-  or  baryta-salts.  (Fromberg.)  In  this  case,  parapectic 
acid  might  be  formed,  or  the  non-occurrence  of  the  precipitates  might 
be  explained  by  the  solubility  of  pectic  acid  m  organic  acids.  (Kr.) 

^  When  moist  pectic  acid  is  heated  with  hydrate  of  potash,  the 
mixture  soon  becomes  fluid  and  brown,  but  loses  its  colour  as  soon  as 
all  the  water  is  expelled,  and  then  contains  carbonate  and  oxalate 
of  potash.  (Vauquefin,  Oay-Lussac.) 

On  the  behayionr  of  pectic  odd  under  the  inflaence  of  fermentf,  according  to  Yen- 
qnelin,  see  page  358. 

Combinations.  Pectic  acid  separated  from  solutions,  in  which  state  it 
appears  as  a  colourless  jelly  having  an  agreeable  taste  (Vauquelin), 
must  be  regarded  as  a  hydrate.  It  is  insoluble  in  cold,  and  nearly 
insoluble  in  boiling  water.  The  dry  acid  immersed  in  boiling  water 
softens  and  swells  up  slightly,  but  does  not  form  a  jelly.  (Regnault.) 

See  above  on  the  decomposition  of  pectic  acid  by  boiling  with  water. 

Older  ttatemeniff  perhaps  relating  topectone  or  impure  pectic  add.  The  lolntiou  of 
pectic  acid  in  boiling  water  deposits  a  jelly  on  cooling,  provided  it  has  not  been  altered 
by  continued  boiling.  (Vauquelin.)  The  anhydrous  add  scarcely  swells  up  in  cold 
water,  and  dissolves  but  sparingly  in  boiling  water ;  the  acid  obtained  as  a  jelly  by  pre- 
cipitatioii  from  alkaline  solutions,  dissolves  more  abundantly  in  boiling  water ;  the 
filtrate  is  almost  clear,  reddens  litmus  very  slightly,  and  is  converted  by  acids,  neutral 
salts,  sugar,  and  alcohol,  into  a  transparent  and  colourless  jelly,  probably  because  these 
substances  render  the  water  incapable  of  holding  the  pectic  add  in  solution.  Baryta- 
and  lime-water  produce  similar  jellies  by  forming  insoluble  salts.  (Braconnot,  Payen.) 
The  hot  aqueous  solution  does  not  redden  litmus.     (Guibourt.) 

With  Bases,  —  Pectic  acid  unites  with  bases,  forming  salts,  among 
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which  only  those  of  the  alkalis  are  sobible  in  water,  the  rest  being  inso^ 
luble  and  gelatinous.  The  jellies  precipitated  from  cold  solutions  are 
denser  than  those  obtained  from  hot  solutions  (Regnault).  At  a 
moderate  heat,  the  acid  expels  carbonic  acid  from  alkaluie  carbonates. 
It  dissolves  easily  in  aqueous  alkalis,  even  after  drvin&^.  The  solution 
is  not  precipitated  by  mercuric  chloride,  but  with  au  other  salts  it 
yields  gelatinous  precipitates,  which  dissolve  in  excess  of  alkali.  —  It 
IS  difficult  to  obtain  the  salts  at  a  definite  degree  of  saturation,  because 
the  neutral  salts  formed  at  first  take  up  an  additional  quantity  of 
pectic  acid  (Regnault,  Fremy).  When  a  soluble  pectate  is  precipitated 
by  a  metaUic  salt,  the  composition  of  the  precipitate  depends  upon 
that  of  the  soluble  salt,  and  varies  with  it  (Regnault).  The  jellies 
precipitated  by  metallic  salts  from  pectate  of  ammonia  and  pectate  of 
lime,  are  transparent  if  the  acid  was  pure.  They  obstinately  retain 
portions  of  the  precipitant,  which  cannot  be  removed  by  washing  on 
the  filter,  but  may  be  got  rid  of  by  pressing  the  jelly  with  the  hand, 
pouring  fresh  water  upon  it,  and  so  on,  whereby  the  salt  acauires  the 
consistence  of  woody  fibre,  and  becomes  friable  after  drying  (Cnodnew). 
The  insoluble  salts  dry  up  to  very  hard,  difficultly  friable,  homy,  hy- 
groscopic masses.  They  take  fire  when  heated  in  contact  with  the 
air,  retain  water  obstinately,  so  that  they  cannot  be  dried  below  140'' 
or  150°,  and  decompose  at  about  200°  (Regnault). 

Pectate  of  Amnionia.  —  The  solution  of  pectic  acid  in  excess  of 
aqueous  ammonia  slowly  turns  sour  on  boiling,  and  when  evaporated 
in  vacuo,  leaves  a  transparent  mass  whose  aqueous  solution  hag  a 
slight  acid  reaction  TRegnault).  —  From  the  solution  of  nectic  acid  in 
aaueous  ammonia,  alcohol  precipitates  a  transparent,  colourless  jellv, 
wnich,  at  100°,  becomes  red-brown  and  not  friable,  and  dissolves  m 
water,  forming  an  acid,  coloured  liquid  (Chodnew).  The  acid  ammo- 
niacal  salt  which  remains  on  evaporation,  swells  ujp  in  water  and  dis- 
solves— assimilating  at  the  same  time  a  considetabfe  quantity  of  water 
— to  a  tasteless  liquid  which  reddens  litmus  (Braconnot).  *  Aqueous 
pectate  of  ammonia  yields  gelatinous  precipitates  with  chloride  of 
sodium,  acetate  of  potash,  and  other  neutral  salts,  also  with  alcohol 
and  sugar  (Braconnot ;  Simonin,  J,  Pharm^  dO,  478.) 

Pectate  of  Potash,  —  When  pectic  acid  in  excess  is  digested  with 
potash-ley,  a  large  quantity  of  pectic  acid  is  taken  up,  and  a  solution 
formed  which  is  neutral  at  first,  but  afterwards  becomes  slightly  acid. 
When  a  solution  of  pectic  acid  in  excess  of  potash-ley  is  mixed  with 
alcohol,  a  basic  ielly  is  nrecipitated,  from  which  potash  is  extracted  by 
washing  with  alcohol  (Regnault).  —  The  potash-salt  obtained  bv  pre- 
dpitatiriff  pectic  acid  dissolved  in  excess  of  potash-ley  with  afoohol, 
and  washing  out  the  jelly  with  alcohol,  acquires,  at  120°,  the  character 
of  woody  fibre,  but  does  not  become  friable;  between  150°  and  160° 
it  gives  off  water,  turns  yellowish-brown,  and  then  dissolves  in  water 
to  a  clear  liquid,  which  smells  of  caramel  and  reduces  cupric  oxide 
(Chodnew).  —  Potash,  added  in  excess  to  a  solution  of  the  potash- 
salt,  throws  down  a  ielly,  which  recovers  its  solubility  in  water  after 
the  excess  of  pettish  has  been  removed,  and,  according  to  Braconnot, 
is  a  basic  salt. 
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Chodnev. 

Calculation  according  to  Chodnew.  at  120*',       at  150**— 160**. 

28  C 168-0     ,...     34-25     33-80     35*44 

20  H     200     ....       407     4-31     4-02 

26  O 2080     ..,.     42-44     43-00     4054 

2  KO 94-4     ....     19-24     18*89     20-00 

CMH«0»,2K0....  490-4     ....  100-00     100*00    lOOOO 

At  150"— 160%  «  C»HWO«  2K0  (calc.  35-66  p.  c.  C,  3-81  H.,  4065  O., 
19-98  KO.)     (Chodnew.) 

Feetate  of  Soda, — Obtained  like  the  pota^h-aalt,  "whiohlt  resembles. 
Dissolves  in  water  after  drjin^  at  120°.  Neutral.  Swells  up  when 
heated  in  a  platinum  spoon.  Contains  13*73  p.  c.  soda,  corresponding 
to  the  formula  C«H»0«  2NaO  (calc.  13-54  N»o)  (Chodnew). 

Pectaie  of  Baryta. — Aqueous  peotic  acid  forms  a  gelatinous  pre- 
cipitate with  baryta-water  (Braconnot).  — -  When  aqueous  pectin  ia 
immersed  in  a  large  excess  of  baryta- water,  in  a  vessel  from  which 
the  air  is  excludecC  pectosate  of  baryta  is  first  precipitated  and  sub- 
sequently convertea,  by  the  exces?  of  baryta,  into  pectatp.  This, 
after  washing,  drying  ih  vacuo,  and  then  at  120°,  contains  from  25*3 
to  26*8  p.  c.  baryta,  corresponding  to  the  formula  C''H*'0^,2BaO  (calc. 
260  p.c.  BaO)  (Fremy).— Obtained  like  the  hme-salt,  which  it  resembles. 
The  salt,  dried  betwecr  150°  and  160°,  contains  %  at,  water  less  than 
that  dried  at  120°  (Chodnew). 

Chodnew. 
Calculation  according  to  Chodnew.  at  120*.     at  150°— 160*. 

28  C    168  ....  30-68  3050  31-57 

20  H    20  ....  3-64  369  329 

26  0  208  ....  37-90  3813  36-46 

2  BaO  153  ....  27*88  27-68  28*68 

I  ■■   ■■■■■■         ■■■■»■■■  ■     I   ^.1         ■  ■      ■  ,   ■  II    I     ■  ■       .1      ■         ■  11^—1^  ■        ^^»^M^^^^^^^^^— ^  I  I  w^— -i^^^^^^^M^|»^M^^^»^— ■       ■  I    ■  ■  ■■ 

C»H5»0»,2BaO  ....  549     ....  10000     10000     lOOOO 

Calcalation  for  the  salt  dried  between  150**  and  160*.  31-63  p.  o.  C„  3*38  H., 
36*15  O.,  and  28*84  BaO  »*«  C«H»0«,2BaO.    (Chodnew.) 

Pectate  of  Lime.  —  Lime-water  added  to  aqueous  pectio  aeid,  and 
lime-salts  added  to  pectate  of  ammonia,  throw  down  gelatinous  pre- 
cipitates. Pectate  of  ammonia  is  Hkewise  decomposed  by  sulphate 
and  bicarbonate  of  lime,  but  not  by  the  neutral  carbonate.  From 
dilute  solutions  of  alkaline  pectates,  a  fet*'  drops  of  lime-water  throw 
down  gelatinous  masses  which  are  insoluble  in  alkalis.  Pectate  of 
lime  does  not  dissolve  in  boiling  water  tir  in  atnmpnia,  and  is  not 
decomposed  by  potash-ley ;  but  it  is  decomposed  by  liydrochloric  acid, 
with  separation  of  pectic  acid,  and  by  heated  carbonate  of  soda,  with 
separation  of  carbonate  of  lime  (Braconnot,  Arm.  Chim.  Phys;  44,  60; 
47,  26S). — The  transparent  ana  colourless  ielly  predpitated  from 
neutral  pectate  of  ammonia  by  aaueous  chloride  of  calciam,  is  harder 
than  pectic  acid,  and  beoomes  yellowish  after  being  pressed,  washed, 
and  dried  at  120°.  (Chodnew.) 
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Chodnew. 
Calculation  according  to  Chodnew.  mean,  at  120**. 

28  C 168  87-08    ^ 36-77 

20  H 20  4-41     4-65 

26  0 208  45-94    46-16 

2  CaO 56  12-57    12-42 


C»HMO>»,2CaO    ....  452    10000    lOO'OO 

Compare  Mulder's  analyaesj  p.  403. 

Pectate  of  Lead.  —  When  an  aqueous  solution  of  neutral  acetate  of 
lead  is  poured  into  an  aqueous  solution  of  pectate  of  ammonia  having 
an  alkaline  reaction,  a  transparent  jelly  is  formed,  containing  48-74 
p.  c.  oxide  of  lead  (Regnault).  The  precipitate  thrown  down  from 
neutral  pectate  of  ammonia  by  neutral  acetate  of  lead  contains  between 
3^*7  and  85  p.  c.  lead-oxide  ;  from  an  ammoniacal  solution  of  the 
neutral  acetate,  soluble  pectates  throw  down  precipitates  containing 
as  much  as  60  p.  c.  PbO,  and  more  in  proportion  as  the  solution  is 
more  ammoniacal  (Fremy).  —  From  cold  pectic  acid  (pectate  of  ammonia  ?), 
neutral  acetate  of  lead,  throws  down  neutral  pectate  of  lead  contain- 
ing 36*06  p,   C.  lead-oxide   (Chodnew's  formula  C»H^iK)^,2PbO  requires  36*13 

p.  c.  PbO);  from  the  hot  solution  a  basic  salt  is  obtained  in  the  form  of 
a  jelly  which  easily  separates  into  flocks,  and  when  dry  becomes  yellow 
and  very  friable  (Chodnew).  —  By  boiling  with  water,  it  is  converted 
into  parapectate  of  lead  (Fremy). 

Calculation  according  to  Fremy.  Fremy. 

32  C 192     29-09  28-51 

20  H 20    3-03  3-17 

28  0 224     33-94  35-22 

2  PbO 224     33-94  3310 


C»n»0»,2PbO    ....  660    10000    lOO'OO 


Calculation  according  to  Chodnew.  R^^nanlt.  Chodnew. 

28  C    168     ....    23-28  21-87     23-06 

19  H    19    ....      2-63  2-26    ^,...      2-55 

25  O    200    ....    27'72  27-13    2807 

3  PbO   336    ....    46-37  48-74    46-32 


C»Hi«0»,3PbO  ....  723    ...  100-00    10000    ........  lOO'OO 

Compare  Mulder's  analysis^  p.  403. 

Pectic  acid  protects  ferric  salts  from  precipitation  by  alkalis 
(H.  Rose). 

Pectate  of  Capper.  —  Pectate  of  potash  forms  with  sulphate  of  cop- 
per a  bulky  coagulum,  the  liquid  not  retaining  a  trace  of  copper ;  the 
greenish  precipitate  is  insoluble  in  boiling  water ;  gives  up  part  of  its 
acid  to  potash,  the  residual  salt  not  being  dissolved  thereby ;  and  is 
decomposed  by  nitric  but  not  by  acetic  acid  (Braconnot). 

A  solution  of  sulphate  of  copper  poured  into  aqueous  pectate  of 
ammonia,  throws  down  a  green  jelly  of  variable  composition,  which 
dries  up  to  a  yellow  mass  (Regnault).  Pectate  of  copper  is  green  both 
bofore  and  after  drying  (Chodnew). 
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Chodnew. 
Calculation  according  to  Chodnew.  at  120*". 

28  C 168  35-34  3509 

20  H 20  4-19  4-21 

26  O ^ 208  43-79  43-84 

2  CuO 80  16-68  16-86 

C»H»0«,2CuO   476    100-00    lOOOO 

For  Mulder's  and  Fromberg's  results,  see  page  403. 

The  precipitate  formed  by  sulphate  of  copper  iu  ammoniacal  pectate  of  ammonia, 
continues  to  redissolve  for  a  long  time,tiU  finally  a  blue  ammoniacal  jelly  is  precipitated^ 
probably  a  double  salt.    (Regnault.) 

Fectate  of  Silv&\ — Obtained  by  double  decomposition  of  pec- 
tate of  ammonia  with  nitrate  of  silver,  and  contains  an  amount  of 
oxide  of  silver  varying  with  the  constitution  of  the  pectate  of 
ammonia  used.  a.  When  nitrate  of  silver  is  poured  into  aqueous 
pectate  of  ammonia  which  has  been  boiled  as  long  as  ammonia  con- 
tinues to  escape,  a  precipitate  is  formed  containing  38*38  p.  c.  AgO.  — 
J.  When  aqueous  pectate  of  ammonia  is  poiu'ed  into  nitrate  of  silver, 
the  precipitate  contains  36*95  p.  c.  AgO.  — c.  When  pectate[of  ammonia 
is  prepared  by  evaporation  in  vacuo,  and  nitrate  of  silver  is  poured 
into  its  aqueous  solution,  the  precipitate  contains  40*39  and  41*02 
p.  c.  AgO. — d.  When  nitrate  of  silver  is  poured  into  pectate  of 
ammonia  containing  excess  of  ammonia,  the  resulting  precipitate  con- 
tinues for  a  long  time  to  redissolve,  and  when  it  no  longer  disappears 
on  stirring,  contains  38*48  and  36*68  p.  c.  AgO  (Regnault). 

Neutral  pectate  of  silver  is  obtained  by  precipitating  pectate  of 
ammonia  with  nitrate  of  silver ;  but  if  the  nitrate  of  silver  has  any 
free  acid  adhering  to  it,  the  precipitated  pectate  of  silver  is  mixed  with 
pectic  acid  and  therefore  eidiibits  a  smaller  amount  of  silver-oxide 
(Chodnew). 

Calculation  according  to  Fremy.  Calculation  according  to  Chodnew. 

32  C  192     ....     2874  28  C  168     ....     26-75 

20  H 20    ....      2-99  20  H SO    ....      3*18 

28  O  -..  224     ....    33-53  26  O  208     ....     33*15 

2  AgO 232    ....    34-74  2  AgO 232     ....    36-92 

C»H»0»,2AgO....  668    ....  100-00  C»H»0»,2AgO 628    ....  100*00 

Regnault.  Fremy.  Chodnew. 

a,  c,  at  100^ 

C 26-41  ....  25-29  and  25*87     27-07     26-45 

H 2-79  ....  2-74    „  2*80    3*33    310 

0 32-42  ....  30-95     „  30*94     32-81     33-75 

AgO 38-38  ....  41-02    „  40-39    36-79    36-70 


100-00    ....  10000    „  100-00    10000    100*00 

Fremy 's  analysis  {J.  Pharm.  26,  379)  does  not  agree  with  his  later  formulsB ; 
moreover  he  does  not  quote  it  any  more.  The  calculation  is  deduced  from  his  formula 
of  pectic  add  and  the  other  pectates. 

WM  Salts. — ^Pectic  acid  dissolves  in  aqueous  solutions  of  the  neutral 
salts,  especially  the  ammonia-salts,  of  many  organic  acids.  When 
small  quantities  of  citrate  or  malate  of  ammonia,  or  other  similar 
salt,  is  added  to  water  in  which  pectic  acid  is  suspended,  an  acid 
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solution  is  produced  from  which  alcohol  throws  down  a  jelly  which 
dissolves  in  boiling  water,  and  separates  again  on  cooling.  This 
jelly  is  a  compound  of  pectic  acid  with  an  ammonia-salt ;  it  is 
decomposed  by  prolonged  boiling,'  or  by  repeated  precipitation  with 
alcohol  and  re-solution  in  water,  and  is  thereby  rendered  partially 

insoluble  in  water.  Such  compounds  are  obtained  by  boiling  carrot-pulp  with 
acids,  provided  the  pulp  has  not  been  previously  exhausted  with  adds, — and  may  be 
confounded  with  pectin  (Fremy).  Chodnew's  pectous  add  (p.  396J,  might  therefore 
belong  to  this  place.     (Kr.) 

Pectic  acid  is  insoluble  in  alcohol 2Lnd  in  ether, -^In  aqueous  orgunic 
acids  it  does  not  dissolve  more  fteely  than  in  pure  water.  (Braconnot, 
Arm.  Chint.  Phys.  50,  382.) 


Parapeotie  Acid. 

FSEvr.    if.  Ann,  Chtm,  Phys.  24,  84. 

Resembles  irifctapeetic  add  in  being  soluble  in  water,  bat  if  didtingfiislied  thftrelirina 
by  forming  a  |iredpitate  with  baryta -water.     See  page  398. 

When  pectic  aeid  is  boiled  for  some  time  with  water,  it  dissolves  as 
parapectic  acid.  In  like  manner,  peotates  heated  for  several  boura  to 
150°  or  boiled  with  water,  are  converted  into  parapectates. 

Parapectic  acid  is  nncrystallizable,  destitute  of  optical  i^tatoiy 
power,  and  has  a  strong  acid  reaction.  When  heated^  it  behaves  like 
peetin;  when  dissolved  in  water^  it  is  quickly  converted  into  metapeetio 
add;  when  boiled  with  potassio-ctiprk  tartrate,  it  precipitc^tea  euproiui 
oside ;  and  it  is  not  fermentable.  —  It  forms  soluble  salts  with .  the 
alkalis,  and  is  precipitated  therefrom  by  excess  of  baryta-water  ;  froili 
its  aqueous  solution  it  is  precipated  by  alcohol.  The  potash-salt  pre- 
cipitated from  its  aqueous  solution  by  alcohol  and  dried  at  150**,  contains 
23  p.  c.  potash  (C»*H«0*S2KO=22-4  p.  c.  KO).  —  The  lead-salt  is  obtained 
by  boiling  pectate  of  lead  suspended  in  water  for  several  hours,  or  6y 
predpitatmg  aqueous  parapectic  acid  with  neutral  acetate  of  lead. 

XMtf.Mi/  at  150°.  Freny. 

24  C 1440  26-16  2504 

15  H 150  2-72  2-68 

21  O 1680  30  54  81-57 

2  PbO 223-4  40-58  4071 

CMH"0«^tPbO 650-4     16000     100-00 

At  110**  It  oontaini  24*44  p.  c.  C,  and  2*92  H.j    therefore  2  at.  water  more. 
(Fremy.) 
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Metapectic  AcicL 

?  C^ffO*  or  C"ff *0". 

Fremt.  J.  Fharm.  26,  382  ;  Ann,  Pharm,  35, 322 ;  /.  pr.  Chem.  22, 1.  — 
i^.  Ann.  Chim.  Phys,  24,  36 ;  Ann.  Pharm.  67,  288 ;  J.  pr.  CJiem. 
45,  412. —  Compt:  rend.  48,  202 }  N.  J.  Pharm.  35,  81 1  abstr.  Rep. 
Q/iim,  pure,  1,  269.  —  Compt.  rend.  49,  66i  $  ESp.  Chim.  pure,  1,  603 1 
Chem.  Centr.  1860,  4.  —  Kopp's  Jahresber.  1859,  530  atid  640. 

Aeide  etlluHqtu.  —  Occtirs  as  a  product  of  the  transformation  of 
pectose,  in  all  fluids  of  the  vegetable  organism  which  are  in  contact 
with  tissue  containing  pectose. 

Formation.  All  pectous  substances  may  be  converted  either  directly 
into  metapectic  acid,  or  into  products  which  yield  this  acid  after 
further  treatment  (pp.  397, 398.)— When  lime  is  allowed  to  act  on  man- 
gold-wurzel  pulp  in  the  manufacture  of  su^ar  on  the  large  scale, 
metapectate  of  lime  may  be  formed,  which  then  accumulates  in  the 
molasses. 

Preparation.  Chopped  mangold- wurzet  is  washed  with  water ;  the 
residue  is  boiled  for  an  hour  with  milk  of  lime  and  pressed ;  and  the 
liquid  is  evaporated  to  a  synip  and  mixed  with  alcohol.  Metapectate 
of  Ume  then  falls  to  the  bottom,  and  after  it  has  been  decomposed  by 
oxalate  of  ammonia,  the  filtered  solution  is  mixed  with  excess  of 
neutral  acetate  of  lead  to  precipitate  colouring  matter,  phosphoric  ficid 
and  other  substances ;  and  the  filtrate  is  supersaturated  with  ammonia^ 
which  throws  down  metapectate  of  lead.  By  decomposing  this  salt 
under  water  with  faydrosulphuric  acid  and  evaporating  the  filtrate, 
aqueous  metapectic  acid  is  obtained. 

Properties.  Amorphous,  strongly  acid  mass,  destitute  of  rotatory 
power. 

Decompositions^  1.  When  heated^  it  behaves  like  pi^otin  (p.  896).  — 
2.  The  aqueous  solution  quickly  becomes  covered  with  mould,  and  is 
decotnposed  by  prolonged  boiling,  ^Hh  formation  of  acetic  add  and 
black  tilmJc  acid.  —  8.  It  redtices  potassio^cupric  tartrate  at  the  boiling 
heat.  —  4.  It  reduces  aqueous  silver-  and  gold-salts. 

Metapectic  acid  is  deliquescent  and  dissolves  rejidil jr  in  noater.  — 
The  metapeciates  (excepting  the  basic  salts)  are  all  soluble  in  wftter. 
The  aqueous  acid  decomposes  carbonates  and  netiiralisOs  strong  bases; 

Metapectate  of  Lead.  —  Aqueous  metapectic  acid  precipitates  basic 
acetate  of  lead,  but  not  the  neutral  acetate.  The  aqueous  solutions  of 
the  alkaline  metapectatQS  added  to  neutral  or  basic  acetate  of  lead  in 
excess  (of  the  lead  salt?)  throw  down  soluble  precipitates.  —  The 
precipitates  thrown  down  from  aqueous  metapectic  acid  by  basic 
acetate  of  lead  contain  from  67-5  to  68-8  p.  c.  (C»H»a',2PbO  =  67-2  p.  c. 
PbO)  and  73-4  to  74-2  p.  c.  oxide  of  lead  (0«H»0',3PbO  =  75-4  p.  c. 
PbO) ;  after  deduction  of  th^  lead-oxide,  they  contain,  on  the  average 
43*51  p.  c.  C,  4*58  H.5  and  51*91  0«,  eorresponding  to  the  fonnma 
C^H'O^  (calc.  44*08  p.  C  C,  4*58  H.,  and  51*34  0).  Premy  formerly 
analyied  lead-ialta  eontainiog  sm«ller  quantitioi  of  lead*ozide  (40*9  snd  46*73  p«  o,). 
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Jelly  from  Yellow  Pods. 

V.  Oeth.     Wien.  Akad.  Ber.  13,  512  ;  J.  pr.  Chem.  64,  10. 
L.  Mater.     Wien.  Akad.  Ber.  20,  529  ;  J.  pr.  Chem.  69,  215. 

Occurs  in  the  fruit  of  Gardenia  grandiflora. — The  yellow  pods, 
after  being  exhausted  with  alcohol  of  40°,  are  boiled  with  water ;  the 
filtrate,  after  addition  of  hydrochloric  acid,  is  predpitated  with  alcohol ; 
and  the  solution  in  water  acidulated  with  hydrochloric  add,  and  pre- 
cipitation witli  alcohol,  are  repeated  as  long  as  the  precipitate  appears 
coloured. 

T.  Orth. 
Caleuiation  aecwrding  to  v.  Orth.  ai  lOO"". 

32  C 192     42-10    42*04 

24  H 24     6-26    6-35 

30  0 240     52-64     62-60 

C»H»<0»  456    JOO-OO    100-00 

Mayer. 
Calcuiation  according  to  Mayer.  mean, 

64  C 384     41-07    40-90 

47  H 47 608    5-83 

63  0 504    53-90    53-77 


C«H<70« 936    100-00    100-00 

After  deduction  of  1-8  and  0*79  p.  c.  ash.  — It  may  perhapi  be  isomeric  or 
identical  with  parapectin  (p.  399)*    Kr. 

When  heated  with  hydrochloric  acidy  it  behaves  in  the  same  manner 
as  jelly  from  Syringa. 

Jelly  from  Syringa. 

V.  Patb.     Wim.  Ahad.  Ber.  20,  527 ;  J.  pr.  Chm.  69,  213. 

Occurs  in  the  fruit  of  Syringa  vulgaris, — The  fruits  separated  from  the 
stalks  are  boiled  for  a  few  minutes  with  water,  and  the  liquid^  after  being 
strained,  is  precipitated  with  neutral  acetate  of  lead.  The  dirty  brown 
precipitate,  diffused  in  water  after  washing,  dissolves  partially  on 
addition  of  acetic  acid.  On  decomposing  the  undissolved  part  under 
water  with  hydrosulphuric  acid,  separating  the  sulphide  of  lead,  con- 
centrating the  filtrate,  decolorising  with  animal  charcoal,  adding  hydro* 
chloric  acid  and  precipitating  with  alcohol,  a  transparent  jelly  is 
obtained  which  may  be  decolorised  by  repeated  solution  in  water  con- 
taining hydrochloric  acid,  and  precipitation  with  alcohol. 

V.  Payr. 
Calculation  according  to  ▼.  Payr.  mean. 

64  C 384     41-47    41-4 

46  H 46 4-97     5-2 

62  0 496     53-56    63-4 

C«H*«0«  926    100-00    100  0 

After  deduction  at  2*8  p.  c.  aah.  —  Isomeric  with  parapectin  (p.  399). 
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The  aqueous  solution  heated  to  100°  for  several  hours  with  hydro- 
chloric  ctcidj  deposits  on  cooling  a  white  powder  which  at  100°  contains 
89'81  p.  c.  carbon,  5*24  hydrogen,  and  54'95  oxygen,  corresponding 
therefore  to  the  formula  C«*H"0"  (calc.  39-92  p.  c.  C,  5-20  H.  and 
64*88  0),  and  is  formed  by  assumption  of  4  at.  water,    (v.  Payr.) 


Sacc's  Pectic  Acid  from  Wood. 

Sacc.    N.  Ann.  Chim.  Phy$,  25,  218 ;  J.  pr.  Chem.  46,  430 ;  abstr. 

Fharm.  Centr.  1849,  235 ;  Chem.  Gaz.  1849,  274. 
PoBTER.    Ann.Pharm.  71,  115  j  abstr.  Pharm.  Centr.  1849,  777 ;  Chem. 

Gaz.  1849,  469. 

The  substance  produced  by  boiling  wood  with  nitric  acid  (from  the 
incrusting  matter,  p.  124,  according  to  Sacc),  consists,  according  to 
Sacc,  of  pectic  acid;  according  to  Porter,  it  is  a  different  body. 

Sacc  boils  deal-shavings  for  some  hours  with  2  pts.  water  and 
10  pts.  commercial  nitric  acid,  whereupon  reddish  vapours  are  at  first 
abundantly  evolved,  and  the  wood  is  converted  into  a  white  doughy 
mass.  This  he  washes  with  water  to  remove  all  the  acid,  then  collects 
it  on  linen,  and  dries  it  over  the  water-bath. — Porter  further  treats  the 
mass  thus  obtained  with  dilute  aqueous  ammonia,  which  leaves  a  por- 
tion undissolved  and  precipitates  the  filtrate  with  hydrochloric 
acid. 

Light  grey  (Sacc),  or  reddish  grey  (Porter),  easily  friable  mass. 

Cttleuiaiion  according  to  Porter.  Sacc.  Porter* 

16  C 96  ....  43*63 40-83  to  42*86  43*39 

12  H 12  ....   5*45  5-86  „   5*94  5*86 

14  0 112     ....    50*92    53*31  „     51*20 50*75 

eMHiSQM  ....  220    ....  10000    10000       100*00    ........  100*00 

After  dednction  of  ^  to  )  p.  c.  ash.  Sacc  gires  the  formula  C^^H^O^  which  he 
regard!  as  that  of  pectic  add. 

Decompositions.  1.  When  Aec^ecZ,  it  chars  quickly  without  detonation, 
emitting  an  odour  of  caramel  and  leaving  charcoal  (Sacc).  —  2.  By 
boiling  with  moderately  dilute  nitric  acid^  it  is  converted  into  oxalic 
acid,  without  formation  of  mucic  add.  —  3.  With  oil  of  vitriol^  it  chars 
and  gives  off  an  odour  of  caramel  (Porter).  —  4.  Hydrochloric  acid  at 
the  boiling  heat  colours  it  red.  After  boUing  for  some  time  with  aqueous 
alkalis^  it  is  no  longer  precipitable  by  acids  (Porter). 

It  does  not  dissolve  in  water  either  cold  or  boihng.  —  When  newly 
prepared  and  moist,  it  dissolves  easily  in  water  containing  ammonia^ 
and  is  precipitated  therefrom  by  weak  acids,  as  a  stiff,  colourless, 
transparent  jelly.  After  drying,  it  is  insoluble  in  aqueous  ammonia 
(Sacc).  It  dissolves  with  diflficulty  in  aqueous  alkalis,  and  is  thrown 
down  by  acids  from  concentrated  solutions  as  a  white  light  powder ; 
from  more  dilute  solutions,  as  a  transparent  precipitate,  which  quickly 
imites  in  white  flocks.    Alcohol  and  metallic  salts  likewise  precipitate 
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the  alkaUnp  golution.     The  last  formed  precipitated  h^ve  tliQ  aepec^  pf 
pectatie^  (Porter). 


Glucosides  or  Conjugated  Compounds  of  the  Sacckaroial  Substances, 

Ghitin. 

C»NH"0"  =  C«NH»0«,C**H"0"  ? 

Odier  (1828).      Mdm.    Sac.    d'hxst  natur.    de  Paris,   1,   29;  if.   ^. 

8, 1,  233 ;  Mag.  Fharm.  5,  301 ;  /.  Phrm.  9,  3^9 ;  ^erz.  Jahresber. 

4,247. 
LA8SAIGNE.    Compt.  rend.  16,  1087 :  J.  Chim,  med.  19, 879 ;  J.  pr,  Ckem, 

29,  323 ;  Berz.  Jahresber.  24,  699. 
Patek.     Compt.  rend,  17,  227;  Berz.  Jahresber.  24,  700. 
K.  ScnMn>T.     Ann,  Pkarm.  54,  298. 
ScHLOSSBERGEB.      Ann,  Fharm,   98,  99 ;  N.  Jahrh.  Pharm.  5,  297 ; 

abstr.  J.pr,  Chem.  68,  162  ;  Chem.  Centr.  1856,  487. 
Berthelot.     Compt.  rend.  47,  227  ;  /.  p>r.  Chim,  76,  371 ;  Chem.  Cmtr, 

1856,  676;  Bep.  Chim,  pure  1,  69;  in  detail:  N',  Ann,  Chim,  Phj/ti, 

66,  149. 
Peugot.      Compt,  rend.  47,  1034 ;  N.  Ann,  Chim.  Phys,  58,  83 ;  Rep, 

Chim.  pure,  1,  234  ;  Chem.  Centr.  1859,  709  ;  Zeitschr.  P/uirm.  3,  241. 
Stadeler.     Ann.  Pharm.  Ill,  21 ;  Chem.  Centr.  1859,  708. 

.EndotM^derm  (LatsflJgne).  ^-  DiaooTered  aad  distingnislied  from  l^om-sobftenoe  by 
Odier,  in  1821  ;  recognised  as  a  nitrogenous  compound  by  Lassaigne ;  first  more 
completely  investigated  by  K.  Schmidt.  Frem^'s  non-azotised  cbitin  is  efsentially 
disting^isbed  from  that  of  all  other  chemists  by  the  absence  of  nitrogen.  Peligot's 
chitin  appears  (according  to  St&deler)  to  have  contained  cellalose  derived  from  remains 
of  leaves.  — Peligot  regards  chitin  in  general  as  a  compound  of  oeUolose  with  protein- 
substances. 

Occurrence.  Chitin  forms  the  chief  constituent  of  the  envelopes, 
scales  and  hairs  of  articulated  animals,  also  of  the  lining  membranes  of 
,the  trachea  and  intestines  {Kandb.  viii,  Zoochem.  462).  MiM^y  tissues 
designated  by  histologists  as  chitin,  agree  with  that  substance  only  in 
their  behaviour  with  potash-ley  and  acetic  acid,  and  have  not  been 
shown  to  be  identical  with  it.  Thus  the  byssus  of  acephala^  contains, 
not  chitin  as  supposed  by  Leuckart  ( Wieqm.  Arch.  1852,  25),  but  a  sub- 
stance richer  in  nitrogen  (see  Conchiolin) ;  muscle-shells  contain,  not 
chitin  [contrary  to  the  statement  of  Kuss  (Dissertation  iiber  Stntctur  und 
Zusammensetzung  dei*  MuschelschaUn^  1853)],  but  conchiolin  (Schloss- 
berger). 

Preparation.  The  tissues  intended  for  the  preparation  (carapaces 
of  the  crab,  wing-cases  of  the  cockchafer,  and  similar  material)  are 
deprived,  by  successive  treatment  with  water,  alcohol,  dilute  adds, 
poiash-ley  and  ether,  of  all  matters  soluble  in  these  liquidH,  and  the 
residue  is  then  washed  and  dried.  If  tissues  are  used  likewise  containing 
tunicin  or  cellulose,  or  if  entire  animals  having  remains  of  leaves  in  their  intestines^  are 
subjected  to  the  same  treatment,  the  chitin  will  be  contaminated  with  these  substances. 

When  chitin  thus  prepared  is  boiled  for  12  hours  or  longer  with  a  mix- 
ture of  1  vol.  oil  of  vitriol  and  4  vol.  water,  part  of  it  is  converted  into 
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soluble  products ;  but  the  residue,  which  swells  up  to  a  pasty  mass,  is 
perfectly  pure  chltin  (free  from  ash)  which  may  be  wasned  by  decan- 
tatioQ,  so  long  as  it  contains  free  acid,  but  as  soon  as  all  the  acid  is 
removed,  remains  partly  suspended  in  the  liquid,  and  can  only  be 
recovered  by  evaporating  the  water  (Stadeler). 

If  the  sMn  of  silk-worms  be  treated  sucoessively  with  potash-ley, 
alcol^ol,  ether,  and  acetic  acid,  the  residual  chitin  contains  48*13  p.  c.  C, 
8*80  N.,  6*90  H.,  and  86*67  0. ;  after  further  treatment  with  permaoi- 
ganateof  potash,  47*88  p.  c.  0.,  6*15  N.,  7*02  H.,  and  39*46  0.  When 
silk-worms  are  boiled  with  strong  potash-ley,  which  disintegrates  or 
dissolves  their  several  organs  as  well  as  the  remains  of  leaves  in  their 
intesti4es,  then  with  dilute  sulphuric  acid,  and  the  skins,  which 
remain  as  translucent  bags  open  at  both  ends,  are  washed,  dried  and 
treated  with  sulphuric  acid  cont€uning  6  at.  water,  they  lose  44  p.  c. 
of  their  weight,  but  the  residue  still  contains  5*8  p.  c.  nitrogen.  If 
they  are  then  treated  for  several  hours  with  hot,  or  for  some  days  with 
cold  cQQcentf  ated  aqueous  permanganate  of  potash,  then  with  bisqlpbite 
or  potash,  and  finally  with  water,  there  remains  a  white,  inter^ 
laced  mass  which  does  not  give  off  ammonia  when  boiled  with  potash. 
This  mass,  however,  if  made  up  Into  a  paste  with  hydrate  of  potash 
and  water,  and  heated  to  100°  for  eight  days,  dissolves  with  evolution 
of  ammonia,  and  forms  a  soap,  from  which,  after  filtration,  acids  separate 
fatty  acids ;  but  even  after  two-thirds  of  the  whole  has  been  decom- 
posed, the  rest  of  the  chitin  still  contains  6*2  p.  c.  nitrogen,  and  con- 
tinues to  evolve  ammonia.  When  this  chitin,  after  being  softened  in 
water,  is  treated  with  oil  of  vitriol  and  iodine,  it  exhibits  under  the 
microscope,  numerous  brown  integuments  and  isolated  irregular 
particles  which  are  coloured  blue.  The  latter  colouring  becomes  more 
plainly  visible,  if  the  skin  is  left  for  some  days  in  the  iodine-solution 
and  then  moistened  with  oil  of  vitriol,  whereupon  pieces  of  membrane 
make  their  appearance,  greenish  at  first,  but  changing  to  indigo-blue 
as  the  iodine  evaporates.  From  this  chitin,  aqueous  cuprammonia 
extracts  cellulose  which  is  precipitated  from  the  solution  by  acids. 
The  horny  substance  of  the  lobster  likewise  exhibits  the  reaction  of 
cellulose  (p.  187)  with  oil  of  vitriol  and  iodine.  (Peligot.)  This  chitin 
is  rightly  regarded  by  Stadeler  as  impure ;  from  pure  chitin  he  was 
unable  to  extract  anything  by  cuprammonia. 

Fremy's  Chitin.  —  When  the  skeletons  of  Crustacea  are  treated  with 
cold  dilute  hydrochloric  acid,  the  undissolved  residue  is  boiled  for  several 
hours  with  potash-ley  and  again  washed  witu  water,  alcohol  and  ether, 
a  transparent  horny  substance  is  obtained,  containing  on  the  average 
48*35  p.  c.  C,  6*65  H.,  and  50*00  0.,  but  no  nitrogen,  and  therefore 
isomeric  with  cellulose  (C"H**^").  This  substance  is  not  altered  by 
dilute  acids  or  alkalis,  and  not  converted  either  into  sugar  by  the  former, 
or  into  pyroxylin  by  fuming  nitric  acid,  which  indeed  has  no  action 
on  it  whatever.  By  concentrated  acids,  it  is  disintegrated,  dissolved, 
and  converted  into  an  acid  comparable  ^vifith  metapectic  acid  (p.  411) ; 
by  boiling  nitric  acid  it  is  converted  into  oxalic  acid  (Fremy,  N,  Ami. 
Chim.  Fhj/3.  48,  98). 

Properties.  White  amorphous  mass,  which,  when  examined  with 
the  microscope,  often  exhibits  the  structure  of  the  tissues  from  which 
it  has  been  prepared.  —  Chitin  which  has  been  boiled  for  a  long  time 
with  dilute  sulphuric  acid,  and  separated  by  evaporating  the  water  in 
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I  which  it  was    suspended,   forms  hard,   transparent  or  translucent, 

coherent  fihns,  which  are  extremely  difficult  to  comminute  (Stadeler). 

Schmidt.  Lehmann.  Sl&deler. 

18  C  108  ....  46-35  ....  46-71  46-73  46-32 

'                                             N  14  ....  6-01  ....  6-50  6-49  614 

15  H 15  ....  6-44  ....  6-82  6-59  6-40 

12  O  96  ....  41-20  ....  39-97  4019  41-14 

C^»NH«0» 233    ....  100-00    ....  100-00     100-00     100-00 

Schmidt's  chitin  mostlj  contained  ash  to  the  amount  of  2  per  cent.  —  Pajen  found 
8*99  p.  c.  nitrogen,  Schlossberger  6*4  p.  c.  See  the  analysis  by  Children  &  Daniell 
(Handb.  Tiii,  Zoochem,  470).  Respecting  Peligot's  analysis  and  Fremy's  ehitia 
(p.  415).  —  Schmidt  gave  the  formala  C^NH"«0"  ;  Stadeler  that  which  is  here  adopted. 
—  Free  from  sulphur  and  phosphorus.    (Schmidt.) 

Decompositions,    1.   Chitin  chars  when  heated^  but  neither  melts  nor 
changes  in  form,   and  does  not  yield  any  carbonate  *of  ammonia. 
(Odier.)     By  destiiictive  distillation,  water,  acetic  add,   acetate  of 
ammonia  and  a  small  quantity  of  empyreumatic  oil  are  obtained,  while 
\  charcoal  is  left  retaining  the  original  form  of  the  chitin.    (Schmidt)  — 

'  2.  Chitin  which  had  been  kept  under  u^er  for  a  year,  was  partly  dis- 

solved and  partly  changed  into  a  slimy  mass.  (Schlossberger.)  The 
skin  of  silk- worms,  where  freed  by  means  of  water  and  alcohol  from 
all  adhering  substances,  is  not  perceptibly  altered  by  long  boiling  with 
water;  the  water  takes  up,  however,  a  small  quantity  of  a  nitrogenous 
substance  which,  when  the  solution  has  been  evaporated  to  a  small 
bulk,  is  precipitable  by  tannic  acid,  chlorine,  or  alcohol.  It  thus  appears 
that  gelatin  is  hereby  formed  from  the  skins.  (Lassaigne.)  Chitin, 
heated  to  280^  with  water  in  a  sealed  tube,  becomes  brown  and  brittle, 
but  is  not  dissolved  or  otherwise  altered.  (Schmidt.) — 3.  Chitin  dis- 
solves in  warm  oU  of  vitriol,  (Odier.)  Oil  of  vitriol  with  1^  at.  water 
disintegrates  and  immediately  dissolves  it ;  oil  of  vitriol  with  8  at. 
water  disintegrates  it  after  some  hours.  (Payen.)  When  immersed 
in  oil  of  vitriol,  it  becomes  transparent,  melts  at  the  edges,  and  is 
completely  dissolved  after  a  quarter  of  an  hour.  (Schlossl^rger.)  It 
BweUs  up  in  oil  of  vitriol  and  dissolves  without  coloration ;  the  solution 
becomes  coloured  on  standing,  and  after  48  hours  it  is  black,  has 
deposited  a  small  quantity  of  insoluble  matter,  has  a  choking  smell,  and 
contains  acetic  acid  and  an  ammonia-salt.  (Schmidt.)  The  colour- 
less solution  of  chitin  in  cold  oil  of  vitriol  is  not  precipitated  by  water 
after  a  few  hours ;  but  on  neutralising  it  with  carbonate  of  baryta,  a 
soluble  baryta-salt  is  obtained,  while  the  solution  immediately  reduces 
potassio-cupric  tartrate.  (Stadeler.)  —  When  chitin  is  diffused  in  oil  of 
vitriol  and  the  solution  dropped  into  100  times  its  own  weight  of  water, 
then  boiled  for  an  hour  and  afterwards  neutralised  with  chalk,  sugar  is 
obtained  on  evaporation.  On  the  kind  of  sugar  see  p.  342.  (Berthelot.) 
When  chitin  is  boiled  with  moderately  dilute  sulphuric  acid,  as  described 
at  page  415,  the  undissolved  and  undecomposed  portion  being  removed, 
the  acid  solution  evolves  ammonia  when  supersaturated  with  lime,  and, 
after  evaporation  of  the  filtrate  to  a  syrup,  amorphous  sugar  remains 
which  easily  reduces  cupric  tartrate.  No  tyrosine,  leucine  or  glycocol 
accompanies  the  sugar,  but  it  contains  a  small  quantity  of  an 
amorphous  Substcmce.     (Stadeler.)     Seo  St&deler's  equation  for  this  decom- 
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position,  p.  342).  —  4.  Chitin  dissolves  in  concentrated  hydrochloric  acid 
without  diange  of  colour.  (Schmidt.)  The  skins  of  insects  when 
immersed  in  hydrochloric  acid  containing  6  at.  water,  become  trans- 
parent, are  disintegrated,  and,  after  a  few  minutes,  dissolved.  After 
neutralisation  of  the  solution  by  alkalis,  tannic  add  throws  down  a 
precipitate  containing  nitrogen.  (Payen.^  —  Chitin  may  be  bleached 
by  chloride  of  potash  or  of  soda.  TLassaigne.)  A  cold,  saturated  aqueous 
soluticon  of  chloride  of  lime  quickly  destroys  the^skins  of  insects  (Payen). 

5.  Chitin  is  coloured  orange-yellow  by  solution  of  iodine  (dark 
brown-red  by  iodine-water:  Stddeler);  addition  of  oil  of  vitriol 
occasions  disintegration,  but  neither  violet  nor  blue  coloration.  (Payen. 

——See  the  statements  of  Feligot,  p.  415,  and  those  of  Roaget,  below.)  —  6.  Chitin 

is  not  coloured  by  nitric  acid,  but  quickly  dissolved.  (Odier, 
Lassaigne.)  It  dissolves  in  concentmted  nitric  acid  without  change  of 
colour  (Schmidt),  in  an  equal  quantity  of  cold  nitric  add  with  4  at. 
water.  (Payen.)  —  Crabs'  claws  immersed  in  nitric  acid,  become 
transparent  after  a  few  moments ;  if  the  add  is  drained  off,  the  mem- 
brane retains  at  first  its  original  form,  but  afterwards  deliquesces  to  a 
colourless  liquid,  beginning  at  the  edges.  (Payen.) — 7.  Chitin  is  not 
altered  by  ebullition  Wiih potash-ley  (Odier),  or  when  heated  with  a  solu- 
tion of  1  pt.  potash-hydrate  in  3  pts.  water.  (Lassaigne.)  It  remains 
unchanged  when  heated  for  days  with  very  concentrated  solution  of 
potash,  and  when  heated  with  potash-ley  to  210°  in  a  sealed  tube,  it 
behaves  as  when  it  is  heated  with  water.  (Schmidt.)  When  fused 
with  solid  hydrate  of  potash,  it  evolves  ammonia  without  charring, 
leaving  a  residue  which  is  soluble  in  water.  (Payen.)  The  mem- 
braneous tissue  of  the  articulata,  either  in  its  original  condition  or  when 
the  incrustations  have  been  dissolved  by  hydrochloric  acid,  gives  the 
rose-red  coloration,  characteristic  of  the  nitrogenous  tissues,  when 
treated  with  mercuric  nitrate,  and  the  orange-red  coloration  with 
nitric  acid  and  ammonia,  but  with  iodo-chloride  of  zinc  (p.  140)  it  is 
coloured  uniformly  violet.  After  ebullition  with  potash-ley  of  40°, 
whereby  it  remains  unaltered  as  to  external  appearance  and  as  to  its 
appearance  imder  the  microscope,  it  more  quickly  assumes  an 
intenser  bluish  violet  colour  when  treated^with  iodo-chloride  of  zinc ;  it 
still,  however,  remains  unattackable  by  concentrated  potash-ley,  acetic 
or  tartaric  acid.  —  If  chitin  is  boiled  for  half  an  hour  with  5  times  its 
weight  of  potash-hydrate  and  such  a  quantity  of  water  that  the  mix- 
ture would  immediately  solidify  if  allowed  to  cool,  a  large  quantity  of 
anunonia  is  liberated,  and  half  the  chitin  is  dissolved.  Tne  residue 
appears  unchanged  when  examined  under  the  microscope ;  it  is  trans- 
parent, gelatinous  and  easily  comminuted  when  moist ;  in  the  diy 
state,  it  is  dull- white,  very  light,  and  micaceous.  With  tincture  of 
iodine,  or  with  iodine  and  (£lute  acetic  add,  this  residue  becomes  violet 
throughout ;  iodo-chloride  of  zinc  colours  it  pure  blue.  It  dissolves 
almost  instantly  in  acetic  acid,  tartaric  acid,  or  in  warm  water  con- 
taining 0*5  p.  c.  hydrochloric  or  nitric  acid,  and  is  precipitated  from 
these  solutions  by  alcohol  or  by  aqueous  alkalis  as  a  semi-transparent 
paste,  which  dries  up  to  a  yellowisn,  translucent  gum.  The  acid  solu- 
tion and  the  precipitate  are  coloured  reddish  violet  by  a  few  drops  of 
biniodide  of  potassium.  This  substance,  Rouget's  modified  chitin,  dis- 
solves in  oil  of  vitriol  with  yellow  or  brown  colour,  and  is  precipitated 
by  water,  from  the  freshly  prepared  solution,  as  a  white  powder.   Tlio 
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solution  IB  leas  completely  precipitated  by  water  after  having  been  Irft 
to  itielf  for  12  or  24  hours,  and  is  then  found  to  contain  sugar.  This 
modified  chitin  remains  soluble  in  acids  after  being  precipitated  by 
aloohol  or  by  alkalis,  and  still  contains  nitrogen.  (Bouget,  Con^t.  rend. 
48,  798.  —  8«e  also  Peligot'i  ■tatemanU,  p.  415.) 

Ohitin  is  insoluble  m  watery  aqueous  ammoma^  acetic  add^  and  aleehoL 
-^  Aqnsoua  mipratawnda  does  not  attack  it  in  the  smalleBl  degree. 
(Sti&dalen) 

Myronic  Acid. 

LuDWio  ^  liA^faii.    ZeiUehr.  CK  Pharm.  8,  480  and  577* 

MyromHure.  Sa^  i,  58,  alio  p.  346  of  this  Tolttmc— Recognised  as  a  gluco- 
side  by  Ludwig  &  Lange,  its  very  existence  having  been  previously 
called  in  question  by  Thielau  (Pharm,  Vieruy.  7,  161)  and  otbero. 
Bcarcely  known  except  in  the  form  of  potash^salt. 

Preparation  of  Myr(mate  of  Potash. — ^Vol.  k,  p.  58.  One  pound  of 
black  mustard  yields  from  1  to  8*5  grms.  of  crystals. 

Properties  of  the  Potash-salt. — Colourless  needles,  possessing  a 
cooling,  bitter  taste.    Neutral.    Scarcely  loses  weight  at  100**. 

a.  OalcuJaiion  acoordinp  to  Ludwig  &  Lange. 

20  C    

N  

19  H  

4  S    

18  O „ 

KO    


120 

....    29-40 

14 

....      8'48 

Iv                 •••• 

....       4-65 

Dv           •••• 

.M.     15-68 

144 

....     85-28 

47-2    .... 

....     11-56 

0»NH«S*O»«,KO  406-2    10000 

b.  (h^eultttiom  aceordimf  fa  WIU  &  Kttniar.      Ludwig  &  Lange. 

ei  100\ 

20  C  ...„ 120   28-90  29-08 

N.„, 14   ,  3-37  3-97 

18  H.., 18   4-33  ., 4-91 

4  8  ^,...  64   15-41  14-93 

19  0 152   36-63  34*92 

KO  47-2  11-36  11-29 

C»NH»8K:S*0»....  415-2    100-00    100-00 

The  aall  naed  for  analj aia  oontained  about  1  p.  c.  of  lime  for  which  an  i>quim- 
lent  quantity  of  potaah  waa  aubatituted  in  calculating  the  leiults.  —  Will  &  Korner 
{Ann.  Pharm.  119,  376)  give,  without  further  detaila,  the  formula  b,  which  oontaina  the 
elements  of  glucoae,  oil  of  mustardi  and  acid  sulphate  of  potash. 

Decompositions  of  the  Potash-salt, — 1.  When  Iieated^  it  bums  with 
a  choking  smell,  leaving  sulphate  of  potash  and  charcoal.  — 2.  Chan 
when  heated  with  concentrated  j'/io^^Aonc  acidy  and  evolves  a  smell  of 
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garlic. — 8.  Myronate  of  potash,  boiled  with  dilute  tulpkurk  acid, 
yields  a  liquid  which  does  not  ferment  after  neutralisation  of  the 
acid,  but  reduces  cuprous  oxide  from  alkaline  cupric  solutions. — 
4.  Decomposed  by  aqueous  amfnonia^  with  formation  of  sulphuric  acid. 
— -  6.  Becomes  yellow  when  boiled  with  potash-ley^  evolves  ammonia, 
and,  after  addition  of  hydrochloric  acid,  gives  off  hydrosuiphuric 
add,  while  a  sugar  which  reduces  alkaline  cupric  solutions,  remains 
dissolved.  —  6.  A  solution,  mixed  with  banfta-water  becomes  turbid  on 
boiling,  from  separation  of  sulphate  of  baryta,  and  evolves  ammonia  i 
after  addition  of  hydrochloric  acid,  it  evolves  hydrosulphurio 
and  carbonic  acids.  Lime-water  acts  like  baryta- water.  —  7.  With 
protochloride  of  tin,  it  forms  hydrosuiphuric  acid  and  protosulphide  of 
tin.  — 8.  Throws  down  white  precipitates  from  neutral  and  from  basic 
acetate  of  lead,  on  boiling.  —  9.  Its  aqueous  solution  is  coloured  brown- 
red  when  boiled  with  ferric  chloride,  and,  on  addition  of  nitric  acid  and 
chloride  of  barium,  deposits  sulphate  of  baryta  and  loses  its  colour. 
— 10.  Reduces  mercurous  nitrate  to  the  metallic  state  on  standing,  and 
merairic  chloride  to  calomel  when  heated.  — 11.  The  solution  mixed  with 
aqueous  nitrate  of  silver  remains  clear  at  first,  but  after  a. few  minutes, 
yields  a  white  precipitate,  which  dissolves  when  heated,  the  smell  of 
oil  of  mustard  being  then  evolved,  and  sulphide  of  silver  deposited.  — 
12.  It  renders  the  colour  of  bichloride  cf  platinum  ^x\&t  on  boiling,  and 
separates  brown  flocks  from  tercfUoiide  of  gold,  —  18.  In  contact  with 
water  and  myrosin  (x.  54),  at  the  common  temperature,  it  splits  up, 
without  evolution  of  gas,  forming  oil  of  mustard  and  sugar :  thus, 
according  to  Ludwig  &  Lange : 

The  liquid  which  remains,  after  distilling  off  the  oilof  mustard,  is  acid, 
has  a  milky  turbidity  caused  by  separated  sulphur,  and  contains  4^  of 
the  sulphur  of  the  myronate  of  potash  as  sulphate  of  potash.  With 
yeast  it  evolves  a  quantity  of  carbonic  acid  corresponding  to  as  much 
glucose  as  would  amount  to  20*45  p.  c.  of  the  myronate  of  potash  ; 
but,  after  ebullition  with  dilute  sulphuric  acid,  it  evolves  more,  so  that 
altogether  glucose  amounting  to  45  p.  c.  of  the  salt  is  indicated.  In 
a  second  experiment,  less  energetic  myrosin  formed  only  18 '9  p.  c. 
glucose ;  in  a  third  experiment,  hardly  any.  — 14.  Beer-yeast  does  not 
cause  myronate  of  potash  to  ferment.  (Ludwig  &  Lange.) 


Arbuiiii. 

Kawalieb.     Wien-  Akad,  Ber.  9,  291 ;  J.  pr.  Chem.  58,  198  i  Ann. 

Fharm.  84,  356;  Pharm.  Centr.  1852,  761;  Chem.  Gaz.  1858,  61. 

—  Announcement  of  the  results,  Ann.  Pharm.  82,  241. 
Ad.  Strecker.     Munch.  Akad.  Ber.  Nr.  69  ;  Ann.  Pharm.  107,  228  ; 

N.  Ann.  Chim.  Phys.  54,    814;   R6p.  Chim.  pure,  1,  67.  —  Ann. 

Pharm.  118,  292 ;  Rep.  Chim.  pure,  4,  77. 

Occurrence,    In  the  leaves  of  Arctostaphylos  Uva  Urst. 
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Pr^aratkm.  The  extract  of  the  leaves  is  precipitated  vnih  basic 
acetate  of  lead,  and  the  filtrate,  freed  from  lead  by  sulphuretted 
hydrogen,  is  evaporated  to  crystallisation.  The  crystals  are  purified 
by  recrystallisation  with  help  of  animal  charcoal  (Strecker).  Kawa-> 
Her  precipitates  the  extract  with  sugar  of  lead,  boUs  down  the  filtrate 
in  a  retort,  removes  any  lead-salt  which  has  separated,  and  passes 
hydrosulphuric  acid  into  the  liquid.  The  solution  filtered  from  the 
sulphide  of  lead  is  evaporated  to  a  syrup,  and  the  arbutin,  which 
crystallises  out  after  several  days,  is  purified  by  pressure  and  recrys- 
tallisation with  animal  charcoal. 

Properties.  See  hydrated  arbutin.  Hydrated  arbutin  loses  water  at 
100°  (1  at.  :  Strecker),  without  becominff  opaque,  and  is  converted 
into  annydrous  arbutin.  Tastes  bitter.  Melts  at  a  high  temperature 
(at  170°  :  Strecker)  to  a  clear,  colourless  liquid,  which  soHdifies  on 
cooling,  to  an  amorphous  cracked  mass.  (Kawalier.)  —  Neutral. 

Kawalier.  Strecker. 

ai  100^  or  fitted,  mean.  metM. 

24  C  144    ....    52-94     ....    62-46    62-8 

16  H 16     ....      5fi8     ....      611     5-9 

14  O  112     ....     41-18     ....     41-43     41-8 

C«H"0"   ....  272    ....  100-00    ....  10000    1000 

Kawalier  formerly  gave  the  formula  C^HSSQW. 

Decompositions.  1.  In  contact  Avith  emulsin  at  the  common  tem- 
perature, it  splits  up  aft^r  several  days  into  hydrokinone  (Kawalier's 
arctuvin)  and  glucose.    (Kawalier.) 

CS4H160"  +   2H0  -  CWH«0*  +   C«HM0«.     (Strecker.) 

Ebullition  with  dilute  sulphuric  acid  has  the  same  effect.  (Strecker.) 
The  hydrokinone  may  be  extracted  by  ether  from  the  mixture  left  on 
evaporation  (Kawalier),  or  from  the  solution  after  ebullition  with 
dilute  sulphuric  acid.  (Strecker.)  —  2.  Easily  converted  into  kinone  and 
formic  acid  by  peroxide  of  manganese  and  sulphuric  add,  (Strecker.)  — 
3.  Becomes  yellow  or  red  when  chlorine  is  passed  into  its  aqueous 
solution,  and  deposits  shining  yellow  crystals  of  chlorokinone,  bichloro- 
kinone,  and  perhaps  products  still  richer  in  chlorine.  Bromine  forms 
partly  liquid,  oily  bromokinone,  partly  crystallised  bromarbutin. 
(Strecker.)  —  4.  Dissolves  easily  in  concentrated  nitric  acid,  forming  a 
yellow  solution  which  does  not  deposit  crystals  when  evaporated,  but 
yields  a  precipitate  of  bioitrohydrokinone  when  mixed  with  alcohol. 
(Strecker.) 

Combinations.  —  With  Water.  —  A.  Hydrated  Arbutin.  Long,  colour- 
less bunches  of  needles  of  a  silky  lustre,  which  lose  their  water 
at  100°. 

Air-dried,  Kawalier.  Strecker. 

24  C  144     ....     51-24  ....     49-93     51-0 

17  H 17     ....       6-05  ....       6-32    63 

15  O  120     ....     42-71  ....     43-75     427 


C«HWO"  +  Aq 281     ....  lOO'OO    ....  10000    100*0 
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B.  Aqueous  Arhutin,  —  Arbutin  dissolves  very  easily  in  boiling 
water ;  less  easily  in  cold  water.  (Strecker.) 

Arbutin  is  not  precipitated  hj  metalh'c  salts ;  at  least  not  hy  basic 
or  neutral  acetate  of  lead,  or  by  ferric  salts.  (Kawalier.)  When  mixed 
with  cupric  sulphate  and  excess  of  potash-hydrate,  it  forms  a  deep- 
blue  solution,  from  which  no  cuprous  oxide  is  precipitated  on  boiling. 
(Strecker.) 

Arbutin  is  soluble  in  alcohol  and  in  ether.  (Kawalier.)  Scarcely 
soluble  in  ether.  (Strecker.) 


Appendix  to  Arbutin, 

1.  Binitro-arbutin. 

Ad.  Strecker.    Ann.  Pharm.  118,  292 ;  Eep.  Chim,  pure,  4,  77. 

Arbutin  is  dissolved  in  concentrated  nitric  acid,  and  the  solution  is 
mixed  with  several  times  its  bulk  of  alcohol.  When  the  mixture  is 
left  to  itself,  needles  separate  out,  their  quantity  increasing  as  the 
liquid  evaporates,  so  that  at  last  the  mother-liquor  dries  up  to  a  dark- 
yellow  amorphous  mass,  from  which  binitro-arbutin  can  still  be  obtained 
by  neutralisation  with  carbonate  of  baryta,  and  extraction  with  boiling 
alcohol. 

Bright  yellow,  thin  needles,  which  melt  when  heated  and  solidify 
in  the  crystalline  form.    Loses  9'35  p.  c.  water  at  100°  (calcul.  :  4  at 
=^  9-0  p.  c.) 

Strecker. 
at  100^.  mean, 

24  C  144 39*77  39-8 

14  H 14  3-86  4-1 

2  N 28  7-74  8*2 

22  0 176  48-63  47-9 

C^X'HWOM  ....  362    100-00    1000 

Decomposed  when  boiled  with  dilute  nitric  acid,  yielding  binitro- 
hydrokinone,  C»X*HH)*. 

Easily  soluble  in  wata*.  The  solution  does  not  precipitate  metalhc 
salts,    slightly  soluble  in  alcohol;  insoluble  in  ether. 


2.  Besin  from  Arctostaphylos  Uva  IJrsi. 

Kawalier.     Wien,  AJtad,  Ber,  9,  297. 

The  mother-liquor  remaining  in  the  preparation  of  arbutin,  accord- 
ing to  page  420,  yields,  when  mixed  with  hydrochloric  or  sulphuric 
acid,  and  warmed,  a  precipitate  of  a  resin,  which  may  be  purified  by 
43olution  in  alcohol,  and  precipitation  of  the  solution  with  water. 
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Brittle,  black  resin,  easily  reduoed  to  a  dark-brown  powder,  which 

melts  when  heated,  and  bums  with  a  smoky  flame. 

ai  100**.  Ka«alier« 

80  C 480     ....    62*90    62'9& 

35  H 35     ....       4-58     506 

31  0 248  ....  32-52  31*99 

C»H»0»i  ^  763  ....  100-00  lOO-OO 

So,  according  to  Kawalier.  —  Perhaps  it  is  C^H^^O*,  and  is  prodaced  fipoin  arbofiii 
by  loss  of  5  at.  water  (calculation :  63*4  p.  c.  qurb.,  4*84  bydrog.).     [Kr.] 


Amygdalin. 

C*^NH«0»  =5  (?NH,0"HV,2(FH»°0» 

RoBiQUBT  &  Bootron-Chablarb.    Am,  Chm,  Fh^s.  44,  852;  Pogg. 

20,  494 ;  Schw.  61,  223  ;  N.  Tr.  24,  2, 198.  —  J.  Fharm.  23,  605  ; 

Arm.  Pharm.  25,  175. 
WoHLBR  &  Li£Bie.    Ann.  Pharm.  22,  1 ;  Pogg.  41,  845. 

DisooTered  by  Robiquet  &  Bontron  iu  1 830.  The  relation  of  aaygdaliii  to  its 
products  of  decompositiont  and  the  part  it  plays  in  the  prodaction  of  oil  of  bitter  almonds 
(zii,  20),  were  first  explained  by  Wohler  &  Liebii^'s  investigation  (1835).  —  Amygdalin 
was  the  first  known  example  of  a  substance  which  yielded  sngar  as  a  ptoduct  of 
decomposition. 

Occurrence.  In  bitter  almonds,  the  kernels  of  Amygdalue  communU, 
var.  amara  {Hcmdb.  viii.  Phytochem.  14.  Robiquet  &  Boutron.).  —  The 
almonds  contain  amygdalin  ready  formed ;  it  is  not  first  produced  on 
treating  them  with  alcohol.  If  the  concentrated  aqueous  emulsion  is 
mixed,  immediately  after  its  preparation,  with  a  very  large  quantity  of 
absolute  alcohol,  the  pulp  pressed  between  linen,  and  the  liquid 
filtered,  boiled,  filtered  again,  and  evaporated,  crystallised  amygdalin 
remains  behind  (Wohler  &  Liebig).  In  this  manner,  amygdalin  may 
be  obtained  from  the  emulsion  of  dry  but  not  of  fresh  almonds,  which 
latter  perhaps  do  not  contain  amygdalin  ready  formed  (Winckler, 
RqteH.  65,  15). 

The  following  plants  or  part  of  plants  dther  yield  ciystaOiscd 
amygdalin, — or  on  subjecting  them  to  the  usual  process  for  the  pre- 
paration of  amygdalin,  an  extract  is  obtained  rwinckler's  amorphmu 
amygdalin),  which,  when  treated  with  almond-milk,  yields  prussic  acid 
and  bitter-almond  oil,  but  does  not  deposit  any  crystals  of  amygdalin. 
In  other  cases,  the  existence  of  amygdalin  is  indicated  by  the  presence 
of  prussic  acid  in  tho  watery  distillate,  although  iio  attempt  may  have 
been  made  to  separate  it :     (See  also  vii,  389.) 

Amygdalus  persica  (Ilafidb.  viii,  Phytochem.  14).  Peach-kemela  con- 
tain about  3  per  cent,  of  crystallised  amygdalin  ((xeiseler,  Repert.  68, 
289) ;  the  leaves  contain  amorphous  amygdalin.  —  Pi'unu$  lAMUrocentftn^. 
The  ripe  kernels  contain  crystallised  amygdalin  {lieperi.  65,  14);  the 
leaves,  amorphous  amygdalin  (Widtmaun,  JStpert.  45,  429.  — Denk, 
Fepert.  45,  434.  —Liebig  &  Wohler,  Winckler;  Simon,  Ann.  Pharm.  31, 
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263.  —  Lepage,  J.  Chhn.  mid.  24,  365  ;  abstr.  N.  J.  Phamu  16,  40).— 
PrunuB  avium*  Cherry-stoneB  contain  amorphous  amygdalin  in  quantity 
sufBcient  to  yield  as  mtich  prussic  acid  as  coiTesponds  to  2'1  p.c.  crystal- 
lised amygdalin  (Geiseler,  Sepert,  69,  289.  —  Winckler).  —  The  green 
parts  of  the  cheiTy-tree  do  not  yield  a  distillate  containing  pmssio  acid 
(Wicke,  Ann.  Pharm*  79^  82).  —  Prunus  domestica.  Plum-stones  contain 
crystallised  amygdalin^  together  with  a  peculiar  bitter  substanoe 
(Winckler,  Repert.  66,  327).  The  distillate  from  the  very  younff  shoots 
contains  prussic  add}  that  from  the  older  shoots  con  tarns  none.  (Wioke.) 
A  distillate  containing  pussio  acid  is  obtained  from  the  leaves  of 
Prunus  caprictdOf  the  bark  of  Pr.  vtrgimana^  the  flowers  (Zeller)^  and 
the  kerneld  of  Pr.  Spinosa  (Eub^  Pharm,  Viertel).  6,  170)^  but  not  frotti 
the  buds,  leaves,  root  or  bark  of  Prunue  MahaUb  (Wicke,  Ann*  Pharm, 
79,  82  and  81,  241)* — Prunus  Padua.  From  the  fruit-kernels^  Heumann 
{Repert.  75,  221  and  360)  obtained  1^  per  cent;  from  the  flowers, 
leaves  and  bark,  Riegel  {Jakrb.  pr.  Pharfm  4^  842)  obtained  from  f  to 
1  p.  c.  of  crystallised  amygdalin ;  the  plant  also  contains  amorphous 
amygdalin  (Hicgel }  Winckler^  Jakrb.  pr,  Pharm*  4,  345 1  Heumann^ 
8imon,  Widtmann,  Denk).  The  distillate  from  the  bark  and  leaves  is 
richer  in  prussic  acid  in  December  than  in  the  earlier  t)art  of  the  year 
(Wicke,  Ann.  Pharm.  81,  241). 

The  following  Pomeas  {Handb*  viiij  Phyiochem.  l^^^^Cratiopgus 
oxyacanthay  Cotoneaater  vulgaris,  Amelanchier  vulgaris  (not  Pyrus  Mahu)^ 
Sorbus  Aucvparia,  S.  hybrida  and  S.  torminalis — yield  a  distillate  contain- 
ing prussic  acid.  The  amygdalin  accumulates  in  the  buds  and  bark  of 
these  plants  during  the  autumn  and  diminishes  during  the  period  of 
growth*  (Wicke,  Ann.  Pharm.  79,  79,  and  81,  249).  —  The  leaves  of 
shrubby  spire&as  (Handb.  viii,  Phytochem.  15),  Spiraa  Aruncus^ 
S.  sorbifoUa  and  S.  japonica  yield  prussic  acid,  Whereas  the  distillate  of 
herbaceous  spiroeas  contain  either  sitlic^lous  acid  of  neither  of  these 
acids  (Wicke,  Ann.  Pharm,  83, 175  \  compare  liv,  285,  a&d  Handb*  viii, 
Phytochem.  15). 

Preparation.  1.  The  paste  of  bittei*  almonds  freed  from  fixed  oil  by 
strong  pressure  is  twice  boiled  with  alcohol  of  94  or  95  p.  c,  and  the 
residue  is  strained  and  pressed.  The  oil  which  still  separates  on  stand* 
ing  is  removed,  and  the  liquid  after  filtration  is  set  aside,  a  small  por- 
tion of  the  amygdalin  then  crystallising  out.  The  remaining  liquid  is 
distilled  till  only  a  sixth  portion  of  it  remains ;  the  residue  is  mixed 
with  half  its  volume  of  ether  which  precipitates  the  amygdalin  j  the 
crystalline  pulp  is  collected  on  a  filter,  pressed  between  bibulous  paper 
renewed  till  it  no  longer  takes  up  any  fixed  oil, — then  shaken  up,  and 
the  amygdalin  washed  with  ether,  till  this  liquid  evaporated  on  the 
water-bath  no  longer  leaves  a  film  of  oil;  and  finally  recrystaUised  from 
boiling  alcohol  (Liebig  k  Wohler). 

Bitter  almonds  thus  treated  yield  2^  p.  c.  amygdalin.  *~^  Weaker 
spirit  likewise  extracts  sugar  and  other  substances  from  the  almonds, 
decomposes  the  amygdalin,  and  renders  the  purification  dillicult ;  if  no 
ether  is  used,  part  of  the  amygdalin  remahis  in  the  mother-liquor  after 
the  alcohol  is  evaporated.  It  is  not  necessary  to  distil  off  more  than 
half  the  alcohol,  as  ether  will  then  precipitate  nearly  all  the  amygdalin 
from  the  residue  after  a  few  days.    (Liebig  &,  Wohler,  Ann,  Pharm. 

28,  329  ;      Compere  the  titDilar  procen  of  Robiquet  9t  Boatton  >    Alio  thai  of 
Trommtdorff,  Ann,  Pharm,  %1,  224). 
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2.  The  paste  from  6  pounds  of  bitter  almoDds  is  boiled  for  an  hour 
with  12  pts.  alcohol,  strained  through  sack-cloth  and  pressed,  and  the 
residue  is  boiled  with  9  pounds  of  alcohol,  and  pressed  again.  The 
extracts  when  cold,  are  freed  as  much  as  possible  from  &ted  oil  b3'^ 
decantation  and  filtration,  then  from  alcohol  by  distillation,  and  strained; 
the  greater  part  of  the  fixed  oil  which  still  remains,  is  then  left  on  the 
cloth  in  the  form  of  a  frothy  mass.  The  crystalline  pulp  thus  obtained 
in  the  course  of  24  hours  is  triturated  and  washed  with  cold  alcohol, 
pressed  between  Unen,  and  crystaUisedfrom  2  poimds  of  boiling  alcohol. 
By  this  process,  large  bitter  almonds  yield  about  3  per  cent.,  the 
smaller  land,  2*2  p.  c.  amygdalin.  (Bette,  Ann,  Fkarm.  31,  211.) 
Winckler  {Repert,  65,  1),  and  Hanle  {EeperL  67,  88,  8  ;  Jahrb,  pr,  Fharm. 
2, 163)  proceed  in  a  similar  manner.  —  8.  Bitter-almond  paste  is  boiled 
with  alcohol,  the  tinctures  completely  freed  from  alcohol  by  distilla- 
tion, and  the  s3Tup,  after  dilution  with  water,  is  mixed  with  yeast. 
When  the  fermentation  is  ended,  the  liquid  is  evaporated  to  a  syrup, 
and  mixed  with  alcohol,  which  throws  down  nearly  all  the  amygdalin 
as  a  white  crystalline  powder,  which  may  be  pressed  and  purified  by 
recrystalKsation.  The  syrup  obtained  by  evaporating  the  fermented 
liquid  might  also  be  boiled  with  alcohol  and  filtered  hot.  (Liebig  &, 
w  ohler,  Ann.  Pharm.  24,  45). 

The  amygdalin  remaining  in  the  mother-liquors  may  be  utiiised  by 
decomposing  it  with  almond-milk,  and  distilling  off  the  bitter-almond 
water.    (Hanle.) 

Amorphous  Amygdalin,  Chopped  laurel-leaves  are  digested  and 
boiled  with  alcohol,  and  the  mass  is  strained,  pressed,  and  freed  from 
alcohol  by  distillation.  The  residue  is  freed  from  chlorophyll  by  ether, 
and  from  tannin  by  precipitating  the  solution  with  nitrate  of  lead ;  the 
lead  is  removed  from  the  filtrate  by  sulphate  of  soda ;  the  liquid  is  then 
evaporated,  and  the  residue  boiled  with  absolute  alcohol.  The  extract 
when  evaporated  leaves  an  amorphous,  yellow,  tough  resin,  which  when 
redissolved  in  absolute  alcohol  leaves  a  small  quantity  of  sulphate  of 
soda,  and  may  be  partially  decolorised  by  animal  charcoal.  The  dark 
yellow,  transparent  residue  dissolves  readily  in  water  and  alcohol,  not 
in  ether  ;  it  tastes  like  saficin  and  yields  with  almond-milk  the  same 
products  as  amygdalin  rWinckler,  Repert,  65,  1).  Simon  agitates  the 
tincture  of  dried  laurel-leaves  with  litharge,  and  evaporates  the  wine- 
yellow  filtrate,  which  is  free  from  lead.  The  light  brown  extract  can- 
not be  made  to  crystallise,  but  it  exhibits  with  almond-milk  and  baryta- 
water,  the  same  reactions  as  amygdalin.     {Ann,  Pharm.  31,  263.) 

Properties,  Crystallised  amygdalin  (see  below)  contains  water,  from 
which  it  may  be  freed  by  continued  heating  to  120°  (Liebig  &  Wohler). 
It  melts  at  200°,  and  solidifies  to  an  amorphous  mass,  which,  if  again 
heated,  melts  between  125°  and  130°.  (Wohler,  Ann.  Pharm.  41, 
155).  Inodorous,  tastes  sweet  at  first,  afterwards  bitter.  (Robiquet 
&  Boutron.)  Neutral.  Laevo-rotatory  (gee  p.  428.).  Does  not  act  as  a 
poison  taken  internally.  Only  in  two  instances,  Wohler  &  Frerichs 
saw  dogs  fall  ill  after  taking  large  quantities  of  amygdalin ;  in  these 
cases,  they  [as  well  as  Widtmann  {Rq>ert,  45, 429)  and  Denk  (Repert,  45, 
434)],  observed  an  odour  of  prussic  acid  in  the  breath,  which  odour 
was  likewise  emitted  by  the  urine  after  addition  of  almond-milk. 
(Wohler  &  Frerichs,  Ann,  Pharm.  65,  337  ;  Chetn.  Gaz,  148,  229.) 
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Liebig  Chiozza. 

ai  120^  &  Wobler.  mean, 

40  C    240     ....     52-51     ....     51*54     52*20 

N    , 14    ....      306     ....      3*06 

27  H    27     ....       5-91     ....       6*00     5*95 

22  O    176     ....     38-52     ....     39*40 

C«NH«70a 457     ....  10000     ....  100*00 

See  also  Liebig  {Ann,  Pkarm.  IS,. 327);  Heniy  &  PUsaon's  analysis  (/.  Pkarm, 
16,  609).  Mnlder  (/.  pr.  Chem,  15,  453),  found  2*8  p.  c.  nitrogen ;  Varrentrapp  8c 
Will  {Ann,  Pharm.  39,  282)  found  3*04  p.  c. 

Amygdalin  contains  the  elements  of  prussic  acid^  bitter-almond  oil,  and  sugar 
(W5bler  &  Liebig),  or  those  of  1  at.  cyanide  of  bensoyl  (Ci^H^O'.Cy)  and  2  at.  gum 
(Wdhler,  Ann,  Pharm,  66,  238).  It  may  be  regarded  as  formed  by  the  union  of 
5  groups  of  atoms,  the  conjugation  of  which  is  attended  with  the  elimination  of  8  at. 
water: 

C«NH«70«  +   8H0  =  C"H«02  +  2C«H«0"  +   CPIFO*  +  NH». 

(Piria,  Ann.  Pharm.  96,  381).  See  also  Gerhardt  {Pricis  I,  148  ;  N,  Ann,  Chim. 
Phyi,  7,  137). 

Decomposittons.  1.  Amygdalin  melts  when  heatedy  to  a  transparent 
liquid,  which  turns  brown  (at  160®,  ac5cording  to  0.  Schmidt),  and  gives 
off  an  odour  of  caramel,  then  of ,  white-thorn,  together  with  an  empyreu- 
matic  animal  odour  (Robiquet  &  Boutron,  Widtmann). — 2.  It  is  not  at  all 
altered*  by  ozone  at  the  temperature  of  the  air  (Gorup-Besanez,  Ann. 
Pharm,  110,  106).  —  3.  Heated  with  mWc  acid,  it  yields  benzoic  acid 
(Robiquet  &  Boutron)  and  bitter-almond  oU  (Peligot). — 4.  Aqueous 
amygdahn  is  not  altered  by  heating  with  mercuric  oxide  or  peroxide  of 
manganese;  but  on  addition  of  a  small  quantity  of  dilute  sulphuric  acid, 
carbonic  acid  escapes  with  violent  action,  while  bitter-almond  oil,  ben- 
zoic acid  and  formic  acid  pass  over,  and  an  ammonia-salt  remains  in 
the  residue  (Wohler  &  Liebig).  —  5.  When  aqueous  amygdalin  is 
gently  heated  with  permanganate  of  potash^  the  solution  becomes 
decolorised,  depositing  hydrated  peroxide  of  manganese,  while  cyanate 
and  benzoate  of  potash,  produced  by  the  reaction,  remain  dissolved : 
the  former  is  decomposed  at  the  boiling  heat,  in  consequence  of  which, 
ammonia  escapes  and  the  residue  becomes  alkaline  (Wohler  &  Liebig). 

—  6.  When  amygdalin  is  immersed  in  potash-  or  soda-ley,  and  iodine  or 
bromine  is  addea  till  the  liquid  becomes  permanently  coloured,  a  large 
quantity  of  bitter-almond  oil  is  formed  (Lifert,  Compt.  rend.  23,  229). 

—  7.  Dry  chlorine  gas  does  not  act  upon  amygdalin ;  but  in  presence  of 
water  the  mass  swells  up,  and  a  white,  inodorous,  friable  substance 
is  formed,  insoluble  in  water  and  in  alcohol.  (Robiquet  &  Boutron.) — 

8.  Amygdalin  dissolves  with  light  violet-red  colour  in  oil  of  vitriol 
(Winckler).  On  boiling  it  with  dilute  sulphuric  acid,  small  quantities 
of  bitter-almond  oil  and  formic  add  are  volatilised,  and  an  additional 
quantity  of  the  former  after  the  residue  has  been  neutralised  with 
potash-ley.  On  neutralising  with  carbonate  of  baiyta  and  evaporating, 
u>amorphous  baryta-salt  is  obtained,  and  the  solution  exhibits  the 
power  of  reducing   cupric    salts  (Chiozza,    Gerh.  Traite\    3,  200). — 

9.  The  solution  of  amygdalin  in  fuming  hydrochloric  add  acquires  a 
yellow  or  brown  colour  when  warmed,  and  at  a  higher  temperature 
deposits  black-brown  humous  substances,  the  filtrate  when  evaporated, 
leaving  a  mixture   of  humic  acid,  sal-ammoniac,  and  mandelic  acid 
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(xii,  57),  the  last  of  which  may  be  dissolved  out  by  ether.  If  the 
liquid  is  evaporated  at  a  temperature  above  100°,  part  of  the  niandelic 
acid  becomes  amorphous  (Wohler,  Ann,  Pharm,  66j  239).  Alcoholic 
hydrochloric  acid  appears  to  form  amygdalate  of  ethyl  (p.  430).  By 
boiling  with  dilute  hydrochloric  acid,  amygdalin  is  easily  converted, 
without  colouring,  into  bitter-almond  oil,  sugar,  prussic  add  and  formic 
acid  (Ludwig,  iV^.  Br.  Arch.  82,  ISS ;  87,  278).  — 10.  By  boiling-  with 
potash'ley,  it  is  decomposed,  with  evolution  of  ammonia.  (Robiquet  & 
Boutron,  Widtmann.)  Amygdalic  acid  is  formed  as  a  second  product 
(Wohler  &  Liebig) : 

C«»NH270»  +  2HO  -::  C«H«0««  +  NH». 

100  pt8.  amyg^aliti  yield  109*57  pU.  amygdalate  of  baryta  (Wohler  &  Ltelrig). 
Araygdaliiii  by  conversion  into  attiygdallo  add,  acquires  ta  Inereafle  of  rotatoi^  pofwer. 
(Bouchardat,  Compt.  rend.  19,  1174).  A  similar  result  is  produced  by 
boiling  with  baryta-water;  but  when  amygdalin  is  triturated  with 
anhydrous  baryta  and  gently  warmed,  a  violent  reaction  takes  place,  by 
which  anmionia  is  evolved,  together  with  a  white  vapour  which  con- 
denses to  a  colourless  oil,  and  the  brown  residue  contains  carbonate  of 
baryta.     (Wohler  &  Liebig.) 

11.  In  contact  with  the  emulsin  of  almonds  (or  with  almond-milk) 
aqueous  amygdalin  is  decomposed,  with  formation  of  bitter-almond 
oil,  prussic  acid  and  sugar  (Wohler  k  Liebig). 

C«NH«'0«  +  4HO  -  OKH  +  0"H«0«  +  20»H»OM 
On  the  sugar  thus  produced  see  page  341 . 

When  bitter  almonds  are  freed  from  fixed  oil  by  ether,  the  reiddtte 
dissolves  almost  completely  in  water,  to  a  faintly  opalescent  liquid 
from  which  alcohol  throws  down  the  einulsin  In  flocks.  These  flocks 
dissolve  in  water  even  after  drying,  and  the  solution  becomes  turbid 
between  60^  and  70*',  and  solidifies  at  100^  to  a  stiff  paste  no  longer 
soluble  in  water.  Emulsin  which  has  been  dried  is  still  oapable  of 
decomposing  amygdalin,  but  that  which  has  been  coagulated  by  heat 
no  longer  possesses  this  power.  When  bitter  almonds  are  completely 
freed  from  amygdalin  by  exhaustion  with  cold  alcohol,  the  residue^ 
mixed  with  water,  still  acts  on  amygdaUn  (Wohler  &  Liebig),  bnt  the 
residue  left  after  exhausting  the  almonds  with  alcohol  does  not  exert 
this  action.  Nevertheless  the  residue  obtamed  by  exhausting  the 
almonds  with  hot  alcohol  still  yields,  when  treated  with  water,  a  solu- 
ble emulsin,  which  is  coagulated  by  heat,  and  precipitated  by  tannic 
acid,  but  no  longer  acts  on  amygdalin  (Robiquet  &  Boutron). 

The  aqueous  solution  of  almonds  exhausted  with  ether  becomes  some- 
what more  opalescent  on  addition  of  amygdalin,  but  does  not  deposit  any 
bitter-almond  oil  on  cooling,  whatever  may  be  the  quantity  of  amygdalin 
or  emulsin  contained  in  it,  because  the  decomposition  of  the  amygdalin 
ffoes  on  only  so  long  as  sufficient  water  is  present  to  dissolve  ali  the  pro- 
ducts of  decomposition.  The  mixture  coagulates  when  distilled  and  gives 
off  considerable  quantitiesof  bitter-almond  oil,  more  if  the  action  has  been 
continued  for  6  or  8  hours,  than  if  the  mixture  is  heated  immediately. 
1  pt.  of  enmlsin  is  capable  of  decomposing  about  10  times  its  weight 
of  amygdalin  in  8  days,  provided  a  sufficient  quantity  of  water  is  pre- 
sent (Wohler  &  Liebig. — Liebig,  Chemische  Brief e,  172).  When  sweet 
almonds  are  triturated  with  a  small  quantity  of  water  and  aquantitj 
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^^  of  BUgar  too  large  to  dissolre  completely,  the  odour  of  bitter-almond 

^*  oil  is  not  evolved  on  adding  pulveriaed  amygdalin,  but  powerfully  on 

^  ^  subsequent  addition  of  cold  water. 

^  ^  Besides  bitter-almond  oil,  sugar,  and  prussio  acid,  other  products 

ra4''  are  formed,   probably  by  decomposition    of    those    first    produced. 

iin.  Wohler  &  Liebig  gave  the  equation, 

J  2C«Nn«7022  ^  4C"H«0»  +  2C2NH  +  C«HK0"   +  CWO«  +  8H0. 

i^F  but  they  found  more  sugar  than  it  requires  (Hatidwdrterbuch,  2  Aufl. 

1,  766) :  the  formula  of  decomposition  given  above  (p.  426)  is  therefore 
to  be  pi'ef erred.  If  the  sugar  thus  foimed  be  decoin^sed  by  fermenta- 
tion, the  residue  becomes  acid  in  consequence  of  the  presence  of  a  nou« 
[f  volatile  acid  (succinic  acid  ?  Kr.  see  page  275).     If  the  solution  is  some- 

what concentrated,  alcohol  throws  down  thick  white  fiocka  of  gum, 
perhaps  produced  by  alteration  of  emulain  (Wdhler  k  Liebig).  VVhen 
amygdalin  is  gently  warmed  with  emulsin  and  water,  ammonia  is  given 
off.  On  agitating  the  mixture  with  oxide  of  silver,  the  previously  acid 
liquid  becomes  alkalifie,  and  gives  (M  ammonia  when  placed  in  a 
vacuum.  Since  cyanide  of  silver  is  also  produced,  d  at.  of  amygdalin 
must  be  engaged  in  the  reaotion.  (Deschamp,  J,  Fharm.  25,  22; 
N.  Ann.  Chim.  Phys.  12,  883.) 

The  action  of  the  emulsin  is  prevented  by  the  addition  of  1  pt. 
hydrate  of  soda  or  oil  of  vitriol  to  100  pts.  of  the  amygdalin,  and 
retarded  by  an  equal  addition  of  lime,  magnesia,  ammonia,  or  carbonate 
of  ammonia,  hydroohloric  acid  or  oxalic  acid ;  whereas  bicarbonate  of 
soda,  most  other  acids  and  salts,  alkaloids  and  volatile  oils  (especially 
oil  of  mustard,  arsenic  acid,  prussic  acid,  sulphate  of  oopper,  and 
cyanide  of  silver)  do  not  exert  any  retarding  action.  (Bouchardat, 
Compt.  r0nd.  20,  110.) 

It  is  only  the  emulsin  of  almonds  that  is  capable  of  decomposing 
amygdalhi,  not  the  albumin  of  other  plants.  (Wbhler  &  Liebig, 
Kobiquet  &  Boutron.)  If  1  pt.  of  the  seed  of  bitter  or  sweet 
almonds,  poppy,  hemp,  black  mustard,  or  white  mustard,  be  triturated 
•  to  a  milk  with  8  pts.  water,  the  liquid  precipitated  with  alcohol,  and 
the  precipitate  washed  with  ether  and  alcohol,  emulsin  is  obtained, 
capable  of  decomposing  amygydalin,  but  in  various  degrees,  and  in 
different  times.  The  strongest  action  is  produced  by  the  emulsin  of 
bitter  almdnds.  (E.  Simon,  Fogg*  43,  404.)  Active  emulsin  may  also 
be  obtained  from  the  leaves  of  the  cherry-laurel  and  the  bark  of 
Planus  Padus,  (Simon,  Ann.  Phann.  31,  263.) 

A  mixture  of  sweet-almond  milk  and  amygdalin  is  recommended 
by  Wohler  &  Liebig,  instead  of  bitter-almond  water,  as  a  pharmaoeu- 
tical  preparation  containing  a  definite  proportion  of  prussic  acid. 
(Ann.  Phat^i.  22,  24,  and  28,  829.)  Such  a  mixture  is  less  likely  to 
spoil  than  almond-milk  alone.  (Hiinle,  Repert.  67,  387.) 

11.  Amygdalin  is  decomposed  by  a  certain  substance  in  the  yolk  of 
egg^  in  the  same  manner  as  by  emulsin  (Biurreswil,  N.  J.  Pharm. 
17,  118).  Diastase^  which  has  not  been  heated,  forms  bitter-almond 
oil  from  amygdalin  in  a  few  days ;  a  mixture  of  yeasty  sugar- water 
and  amygdaUu,  kept  for  some  months,  emits  a  strong  odour  of  prussic 
acid.  (Kobiquet  &  Boutron.)  Amygdalin  is  not  decomposed  by  yeast 
(Schlossborgor,  Aim.  Phann.  51,  211),  but  in  contact  with  yeast, 
bicarbonate  of  soda,  and  a  large  quantity  of  water  at  17^,  it  emita  the 
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odour  of  bitter-almond  oil,  and  is  completely  decomposed,  with  forma- 
tion of  formic  acid,  ammonia,  and  crystals  soluble  in  alcohol  and 
ether.  (Ranke,  J.pr,  Chcm,  56,  16.) 

Amygdalin  is  not  decomposed  by  calf^s  rennet  (Wohler  &  Liebig), 
by  the  secretion  of  the  pancreas  (0.  Schmidt,  Ann,  Fharm,  92,  35),  or 
by  saliva  (provided  it  does  not  not  act  as  a  poison).  —  Ranke  {J.  pr, 
Chenu  56,  16)  after  injecting  5  grammes  of  amygdalin,  together  with 
milk,  into  the  stomach  of  a  rabbit,  found  that  tne  acid  urine  contained 
formic  add. 

Combinations.  With  Water.  —  Amygdalin,  when  dry,  greedily  ab- 
sorbs from  2  to  3J  p.  c.  water.  (Wohler  &  Liebig.) 

A.  QaadrO'hydraied  AmygdaUn.  — Amygdalin  crystallised  by  drying 
over  oil  of  vitriol,  or  by  separation  from  alcohol  of  80  p.  c.,  contains 
4  at.  water.    Colourless  nacreous  scales.  (Wohler  &  Liebig.) 

B.  Sex-hydrated(cn/staUised)  Amygdalin. — Separates  from  the  aqueous 
solution  in  transparent  prisms,  which,  when  left  over  oil  of  vitriol, 
give  off  3*52  p.  c.  water  (2  at.  HO  =  3*52  p.  c),  and  become  less 
transparent ;  at  120°,  they  give  off  10*57  p.  c.  water  ^6  at.  =  10*56 
p.  c),  being  thereby  converted  into  anhydrous  amygdaUn.  (Wohler  & 
Liebig.)  Colourless  right  prismatic  crystals  having  the  character  of 
Figure  65.  u:tt=127°0';  «  : /=  113°  39' ;  t :  ^  =  96°  13'.  A 
second  horizontal  prism  (corresponding  to  u  of  figure  53),  as  well  two 
octahedrons  could  not  be  measured  on  account  of  the  strong  curvature 
of  their  faces.  Cleavage  very  perfect  parallel  to  iy  but  imperfect  in 
the  direction  perpendicular  thereto  (parallel  to  t,  Fig.  53).  Lustre 
vitreous,  pearly  on  i.  The  crystals,  which  are  10  mms.  long,  are  united 
into  bundles  by  the  faces  i  (Keferstein,  Fogg.  99,  293).  —  LaBvo-rota- 
tory:  for  amygdalin  ( ?  quadro-hydrated),  dried  at  45°  over  lime, 
[jx]r  =  —  35*51°.  (Bouchardat,  Compt.  rend.  19,  1174.) 

O.  Schnuiita 

46-96  46-69 
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Amygdalin  is  easily  soluble  in  water.  The  solution  does  not  pre- 
cipitate any  metallic  salt. 

It  is  nearly  insoluble  in  cold  alcohol,  but  dissolves  very  easily  in 
boiling  alcohol ;  the  solution  in  alcohol  of  94  to  95  p.  c.  still  retains 
y^  in  solution  after  cooling. 

Amygdalin  crystalHsed  from  absolute  alcohol  appears  to  hold 
alcohol  in  combination,  which  is  not  easily  removed  by  heating. 
(Wohler  &  Liebig.)  —  Aiihydrous  and  quadro-nydrated  amygdalin  dis- 
solve but  sparingly  even  in  hot  alcohol ;  but  the  solution  obtained  by 
dissolving  sex-hydrated  amygdalin  in  absolute  alcohol  may  be  evapo- 
rated to  a  syrup  without  yielding  crystals,  which,  in  fact,  do  not  form 
till  it  has  been  left  for  some  days  in  a  warm  place.  (Winckler,  Bepert. 

05,  6.) 

Amygdalin  is  insoluble  in  ether. 
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Amygdalic  Acid. 

WoHLEB  &  LiEBia»  Ann,  Pharm,  22 j  11. 

Formaiiony'p,  426. 

Amygdalin  is  dissolved  in  baryta- water,  the  iBolution  is  boiled  for 
a  quarter  of  an  hour,  or  as  long  as  it  continues  to  evolve  ammonia ; 
carbonic  acid  is  then  passed  through  the  hot  liquid,  and  the  carbonate 
of  baryta  is  separated  by  filtration.  Prom  the  resulting  aqueous 
solution  of  amygdalate  of  baiyta,  aqueous  amygdalic  acid  is  obtained,  by 
carefully  precipitating  with  dilute  sulphuric  acid,  and  removing  the 
sulphate  of  baryta,  as  a  slightly  acid  liquid,  which  dries  up  to  a  gum 
when  evaporated  over  the  water-bath.  The  concentrated  aqueous 
solution  left  for  some  time  in  a  warm  place,  yields  traces  of  crystals 
(Wohler  &  Liebig).  —  Lsevo-rotatory ;  for  the  acid  dried  at  60''  for 
several  days  [oL]r  =  —  40*19°.  (Bouchardat,  Compt,  rend,  19,  1174.) 

It  is  not  altered  by  boiling  with  peroxide  of  manganese ;  but  on  sub- 
sequent addition  of  dilute  sulphuric  acid,  it  gives  off  carbonic  acid, 
formic  acid,  and  bitter-almond  oil.  —  When  amygdalate  of  baryta  is 
precipitated  with  sulphate  of  silver,  sulphate  of  baryta  is  precipitated 
having  a  brown  colour,  which  becomes  darker  on  heating,  from  separa- 
tion of  metallic  silver.  At  the  same  time  an  odour  like  that  of  formic 
add,  becomes  apparent. 

Amygdalic  acid  deliquesces  in  moist  air,  and  dissolves  to  a  syrup  in 
a  small  quantity  of  water. 

The  amygdalatf  s  are  gummy  and  uncrystallisable.  (Wohler  & 
Liebig.)  The  rotatory  power  of  the  acid  is  not  altered  by  neutrali- 
sation with  baryta  or  ammonia.  (Bouchardat.) 

Amygdalate  of  Baryta,  —  Preparation  see  above.  —  Remains,  when  its 
aqueous  solution  is  evaporated,  in  the  form  of  a  gum,  which  gives  off 
water  at  140°,  becomes  white  and  like  porcelain  at  a  higher  tempera- 
ture, which  may  be  raised  as  high  as  190°,  and  is  then  easily  rubbed 
to  a  fine  powder,  which  greedily  absorbs  from  4  to  7  p.  c.  water,  on 
exposure  to  the  air. 

Wt^hler  &  Liebig. 
at  190**.  mean. 

40  C  2400  ....  44-91  44'35 

26  H 260  ....  4-86  5-03 

24  O  1920  ....  35-92  3644 

BaO 76-5  ....  1431  14-18 

C«H«0»*,BaO   ....  534-5    ....  100*00     100-00 

So,  according  to  WlJbler  &  Liebig;  Gerhardt  (TYaiteZ,  201)  writes  thefonnala 
C»H«Ba(>«,HO. 

Amygdalate  of  Lime.  —  Obtained  by  neutralising  the  add  with 
milk  of  lime,  and  filtering  through  charcoal  (to  remove  the  excess  of 
lime  ?  ).  Ljevo-rotatory ;  {oc]r  =  —  41-24°  (Bouchardat,  ComiH,  rend. 
19,  1174). 
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Amygdalate  of  Zinc. — By  double  decomposition  of  the  lime-salt  with 
sulphate  of  ziiic,  and  removal  of  the  sulphate  of  lime  with  alcohol. 
Gummy  mass,  having  a  molecular  rotatory  power,  [a]  r  =  —  40*48'* 
(Bouchardat). 

Amygdalate  of  Lead, — From  aqueous  amygdalates,  ammoniacal  sugar 
of  lead  throws  down  a  white  precipitate,  which  gradually  dissolves 
during  washing.  (Wohler  &  Liebig.) 

Amygdalic  acid  dissolves  sparingly  in  aqueous  aleohol^  but  is 
insoluble  ,in.  absolute  alcohol,  whether  cold  or  boilings  also  in  ether. 
(WoUer  &  Liebig.) 


Amygdalate  of  Ethyl. 

Wohler.    Ann.  Pharm  66,  240 ;  J.  pr.  Chem.  44,  382 ;  PJiorm.  Centr. 

1848,  840. 

Amygialic  ether,  Amygdalituduretineeier.  When  hydroddoric  add  gBM 
is  passed  into  a  pasty  mixture  of  amygdalin  cuid  alcohol,  the^maygdalui 
dissolves,  and  does  not  separate  on  cooling.  The  faintly  brows 
liquid,  after  a  few  days,  deposits  sal-ammoniac,  a  further  quantity  of 
which  is  precipitated  on  addition  of  ether.  On  mixing  the  Liquid  with 
a  considerable  quantity  of  ether,  an  acid  aqueous  sc^ution  of  sal- 
ammoniac  falls  to  the  bottom,  and  above  it  tliere  floats  an  ethereal 
liqiiid  which  leaves  a  Hght-brown  syrup  when  evaporated.  This  syrup 
isiieavier  than  water,  and  not  miscible  therewith,  but  dissolves  with 
decomposition  in  warm  water. 


Salicin. 

Leroux.    J.  Chim.  med.  6,  341 ;  Schw.  59,  356 ;  Ann.  Chun.  Phg$.  43, 

440. 
Braconnot.    Ann.  Chim.  Phys.  44,  296;  Pogg.  20,  47;  N.  Tr.  23,  2, 

261;  Br.  Arch.  36,   226;  Repert.  36,  280.— J.  Chim.  mid.  7,  17  ; 

Pogg.  20,  621. 
Pelouze  &  Gay-Lussac.     Ann.  Chim.  Phys.  44,  220 ;  Awi.  Pharm.  1, 

43;  Ann.  Chim.  Phys.  48,  111. 
PiRTA.     1.  Compt.  rend,  6,  388;  J.pr.  Chem.  13,  500.  — 2.  Compt.  rend, 

6,  620 ;  J.  pr.  Cliem,  14,  285.  —  3.  Compt.  rend.  7t  935 ;   J.  pr. 

Chem.  16,  412 ;  Ann.  Pharm.  29,  300.  1  to  3,  in  detail :  Ann.  Pharm. 

80,   151;    /.   pr.  Chem.  17,  241;    Ann.    Chim.  Phys.  69,  281.— 

4.  Compt.  rend.  17,  168 ;  J.pr.  Chem.  30,  249 ;  in  detail :  Ann.  Phamt. 

56,  49  ;  J.pr.  Chem.  36,  321 ;  N.  Ann.  Chim.  Phys.  14,  257  and  272. 

—  5.  Ann.  Pharm.  96,  875  ;  N.  Ann.  Chim,  Phys.  44,  336. 
Bouchardat.     Compt.  rend,  181,  299;  J.pr.  Chem.  Z2,  89.-^  Compt. 

rend.  19,  602  ;  20,  110 ;  20,  1635. 
Gerhardt.     N,  Ann.  Chim.  Phys.  7,  215 ;  Ann.  Pharm.  45,  19. 
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DiMovered  by  Leroiu  in  1830,  after  a  previous  attempt  by  Buchner  (Beperi,  29, 
417  ;  34,  107)  to  isolate  the  bitter  principle  of  willow  bark.  Keller  {Repert.  39,  268) 
and  Peschier  \j,  Chitn,  mSd.  6,  651 ;  Schw.  61 «  208)  ascribed  basic  properties  to 
salicin  ;  Buchner  &  Herberger  {Repert,  37,  58)  regarded  it  as  a  salt ;  their  errors  were 
pointed  out  by  OofloSi  Kopff,  Braoonnot,  and  others.  — Chiefly  inrestigated  by  Piria. 

Occwrmce.  In  many  species  of  willow,  but  not  in  all;  most 
abundantly  (to  the  amount  of  3  to  4  p.  c.)  in  the  bark  of  Salut  HeUxy 
S.  pentcmdra  and  *S^.  p'cecox,  but  likewise  in  the  leaves,  female  flowers 
and  young  twigs.  The  bark  of  young  willow  and  poplar  branches 
contains  more  salicin  than  that  of  the  older  branches,  and  a  smaller 
proportion  of  substances  which  impede  its  purification;  the  leaves 
contain  a  smaller  quantity,  and  when  they  turn  red  in  the  autumn, 
none  at  all  (Herberger).  The  strong  bitter  taste  of  willow  bark  is  due 
to  salicin ;  sweet  tasting  willow  barks,  like  that  of  SaUx  phylicifolia 
(and,  according  to  Duflos,  those  which  are  not  reddened  by  oil  of 
vitriol)  contain  none.  —  In  Saiix  alba  (Peschier,  Leroux),  not  according 
to  Br£iconnot ;  in  S.  amygdalina  (Ilerberger ;  Leroy,  J,  Cnim.  med,  14,  87 ; 
Braconnot),  not  according  to  Duflos  ;  not  in  S.  argentea  (Duflos) ;  not 
in  ;S^.  habylomca  (Herberger),  ^S^.  bicolor,  S.  caproia^  S.  daphndides^  but  in 
S.fissa  (Braconnot) ;  in  S.  conifera  and  S.  fragilis  (Herberger,  Lasch) ; 
not  in  the  latter,  according  to  Braconnot ;  in  S.  hastata  (Peschier, 
Lasch),  S.  Helix  (Leroux,  Braconnot;  Gruber,  Oesterr,  med,  Jahrb.  11, 
816  ;  Fr.  Esenbeck  &  Becker,  Ann.  Pharm.  4,  88) ;  S,  incana  (Peschier, 
Buchner),  not  according  to  Braconnot;  S»  lambertiana  (Lasch); 
S.  mollissima  and  S,  nigra  (Herberger);  S.  pentandra  (Herberger, 
Lasch;  Erdmann,  BerL  Jahrh.  88,  1,  136);  S.  /^ropcox  (Peschier,  Her- 
berger, Lasch) ;  S.  purpurea  (Lasch,  Herberger ;  Pleischl,  Zettschr. 
Phys.  Math,  8,  322) ;  in  S,  reticulata^  S.  retusa  and  S,  rubra  (Herberger)  ; 
in  S,  Bu^elliana  according  to  Duflos,  not  according  to  Braconnot; 
not  in  S,  triandra  (Braconnot) ;  in  S,  viminalis,  according  to  Herberger 
&  Hopff ;  not,  according  to  Braconnot ;  in  S,  vitellina  according  to 
Buchner,  Herberger  &  Lasch  (JV.  Br,  Arch.  2,  78),  not,  according 
to  Duflos  and  Braconnot.  —  In  the  bark  and  leaves  of  various  species  of 
pojdar.  In  Populus  alba  (Braconnot ;  Tischhauser,  Berl.  Jahrb.  84,  2, 
126 ;  Herberger) ;  not  in  P,  anguloaa  or  P,  bakamifera  (Braoonnot) ;  it 
exists  in  the  latter,  according  to  Herberger  and  Wittstein  {Pharm. 
Vierteljahr.  6,  47);  in  P.  cemescens  (Herberger),  P.  grceca  and 
P.  tremula  (Herberger,  Braconnot) ;  in  P.  dilatata^  P.  nigra^  P.  tremu" 
lotdes  (Herberger,  Jahrb.  pr,  Pharm.  1,  157);  not,  according  to 
Braconnot ;  also  not  in  P.  fastigiata,  P.  grandiculcUa^  P.  monilifera  or 
P.  vtrginica  (Braconnot).  —  The  herbaceous  spiraeas  mentioned  at 
page  235,  vol.  xii,  contain  Balidn,  inasmuch  as  when  distilled  with 
water  they  yield  salicylous  acid  (Wicke,  Ann,  Pharm,  83,  175).  The 
flower-buds  of  Sptrcm  ulmwia  yield  a  small  quantity  of  salicylous  acid 
when  distiUed  with  water,  more  after  the  addition  of  bichromate  of 
potash,  the  acid  being  doubtless  formed  by  decomposition  of  salicin 
(Buchner,  N.  Eepert.  2,  1 ;  Ann.  Pharm,  88,  284),  —  Castoreum  canadense 
contains  salicin  (Wohler,  Ann,  Pharm.  67,  360). 

Formation.  By  boiling  populin  with  baryta-  or  lime-water,  or, 
together  with  benzoic  acid,  by  heating  populin  with  alcoholic  ammonia. 
If  the  benzoic  acid  be  precipitated  bv  feme  chloride,  the  excess  of  iron 
removed  by  milk  of  lime,   and  the   lime  vdth  carbonic  acid,  the 


'^^^ 
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concentrated  filtrate  yields  crystals  of  salidn  (Piria,  Ann.  Pharm. 
96,  876). 

Preparation,  From  willow  or  poplar  hark;  according  to  Herberger, 
it  cannot  be  obtained  pure  from  poplar  bark,  and  is  therefore  better 
prepared  from  willow  bark,  although  the  latter  contains  less  of  it.  When 
poplar  bark  is  used,  populin  may  crystallise  out,  either  before  or 
together  with  the  salicin  (see  below). 

1.  Six  pounds  of  the  dry  chopped  bark  are  boiled  with  water ;  the 
liquid  is  strained,  concentrated  down  to  18  pounds,  mixed  while  stiU 
hot  with  2  pounds  of  levigated  oxide  of  lead,  and  digested  for  24  hours. 
The  liquid  is  strained,  the  residue  thoroughly  washed,  and  the  filtrate 
evaporated  to  a  syrup  and  left  to  crystallise.  An  additional  quantity 
of  salicin  is  obtained  from  the  motner-liquors  after  they  have  again 
been  treated  with  oxide  of  lead,  and  the  entire  product  is  purified  by 
repeated  crystallisation  (Duflos,  Schw,  67,  25).  —  2.  The  aqueous  decoc- 
tion of  the  bark  is  precipitated  with  basic  acetate  of  lead;  the  filtrate 
is  boiled  with  chalk,  till  the  excess  of  the  basic  acetate  is  decomposed, 
and  the  liquid  becomes  clear  and  colourless ;  it  is  then  evaporated  to  an 
extract ;  tnis  is  exhausted  with  alcohol  of  84^,  and  the  solution  is  left  to 
crystallise  (Peschier,  Ann,  Chim.  Phys.  44,  418).  —  8.  Sixteen  parts  of 
bark  are  macerated  with  2  pts.  lime  and  with  water  for  24  hours ;  the 
mixture  is  boiled  for  half  an  hour,  and  strained ;  the  residue  is  treated 
in  like  manner  with  the  same  quantity  of  lime  as  before ;  and  the  whole 
of  the  liquids  arc  decanted  from  the  sediment,  concentrated,  then 
mixed  with  6  to  8  pts.  of  bone-black,  and  evaporated  to  complete  dry- 
ness. The  residue,  after  being  pulverised,  is  exhausted  at  a  gentle  heat 
with  alcohol  of  82  per  cent.,  and  the  alcohol  is  distilled  off  from  the 
tinctures :  the  salicin  then  crystallises  from  the  residue  in  pale  yellow 
granules,  which  are  purified  by  recrystallisation,  with  help  of  animal 
charcoal  (Erdmann,  BerL  Jahrb,  33,  1,  136). — 4.  A  layer  of  recently 
ignited  charcoal  powder  is  placed  at  the  bottom  of  a  Real's  press ;  above 
it,  a  moist  mixture  of  coarsely  pulverised  willow-bark  and  slaked  lime, 
and  the  bark  is  exhausted  with  alcohol  of  80  per  cent.,  which  is  finally 
displaced  by  pouring  water  upon  the  mass.  The  pale  yellow  Uquid, 
freed  from  alcohol  by  distillation,  yields,  on  evaporation,  crystals  ^diich 
are  obtained  pure  by  washing  with  cold  water  (Fr.  Nees  v.  Esenbec^ 
Br.  Arch.  85,  223). 

Less  limple  modes  of  preparation  are  detcribed  bj  Lerouz  {8chu>.  59,  356),  Her- 
berger {Repert.  55,  215),  Hopff  (Br.  Arch,  37>  217),  Tischhauser  {Ann,  PAarm, 
7,  280),  Tyson  &  Fischer  (/.  Phartn,  18,  170).     See  above. 

Properties.  Rectangular  laminsB  with  well  developed  terminal  sum- 
mits (Biot  &  Pasteur).  Tabular  or  broad  prismatic  crystals  of  the 
rhombic  or  right  prismatic  system,  mostly  appearing  in  the  form  of 
white  shining  scales,  needles  or  laminsd.  Ftg.  68  without  the  p-  and  y- 
faces,  e:tt=110**24';  w:w=  139°  12';  u:u  over  <  =  40**  48';  t:i=z 
111''  61';  t:«=  136°  18'.  Cleavage  at  right  angles  to  the  prismatic 
faces  w,  probably  also  parallel  to  the  face  ty  which  has  a  strong  pearly 
lustre ;  the  other  faces  have  a  pearly,  vitreous  lustre  (Schabus,  BeetinU 
mung,  86).  —  FleiBchl  {Zeitsckr,  Phys.  Math.  3,  322)  describes  crystal -< 
of  the  nght  prismatic  system  j  inch  long,  and  a  line  in  thickness. 
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(Fig.  61),  tt:u  =  109**  56'  and  70**  5'.  Cleavage  parallel  to  p  and  u. 
This  cleavage  and  the  angles  of  the  prism  do  not  accord  with  the 
determinations  of  Schabus. 

From  the  solution  of  salicin  in  warm  water  acidulated  with  sul- 
phuric acid,  thick,  short,  transparent,  four-sided  prisms  are  obtained 
which  grate  between  the  teeth,  and  are  as  bitter  as  before  this  treat- 
ment (Braconnot).  They  have  the  same  composition  as  ordinary 
salicin,  and  exhibit  similar  chemical  reactions,  but  cannot  be  obtained 
from  every  kind  of  salicin. 

Salicin  melts  at  100*"  without  loss  of  weight,  and  soUdifies  in  the 
crystalline  form  on  cooling  (Piria).  Melts  at  198°  (0.  Schmidt, 
Dessert.  Gott.  1861,  19).  Has  a  very  bitter  taste,  like  that  of  the 
willow.  Inodorous,  permanent  in  the  air,  neutral  (Leroux,  Gay- 
Lussac  &  Pelouze).  Not  poisonous ;  produces  unpleasant  symptoms 
only  when  taken  In  doses  of  an  ounce  daily  (Ranke).  Sp.  gr,  1*426  to 
1-434  at  16**  (Piria).  Leevo-rotatoiy,  la]r  =  —  71-7**  to  73-4° 
(Bouchardat  CompL  rend,  18,  298). 

J.  Gray.Luuac         Otto  &  Marchand.        PiKa. 

&  PeloQze.  Erdmann.  mean,  '         mean, 

26  C 156     ....     54-54     ....     54'02     64'51     54*55     ....     54*43 

18  H 18    ....      6-29     ....      6-38     639     6*32     ....      6*38 

14  0 112    ....    39-17     ....    39-60     39-10    39-13     ....     3919 

0»HWO"  ....  286    ....  10000     ....  100-00     10000    10000    ....  10000 

Piria's  silicin,  which  was  obtaiDed  from  popnlin,  agreed  to  specific  gravitj,  solubility 
(Piria),  and  molecular-rotatory  power  (Biot  &  Pasteur,  Compt,  rend.  34,  607)  with 
willow  salicin.  —  £arlier  formulR  (and  analyses)  of  salicin,  C^H'O^  (J.  Gay-Lussac  & 
Pelouze,  Ann.  Pharm.  1,  43;  Ann.  Chim.  Phys.  48,  111)  j  C«H»0»  (Piria;  Erd- 
mann'&  Marchand,  /.  pr.  Chem.  15,  302;  Otto,  Ann.  Pharm.  29,  294;  Otto  & 
Erdmunn,  J.pr,  Cktm.  17,  305  ;  Marchand,  J.  pr,  Chem.  17,  306  ;  Mulder,  /.  pr. 
CAem.  17,  299) ;  C«H»0»  (Liebig,  Ann.  Pharm.  30,  185) ;  C»Hi»0»*  (Marchand, 
X  pr.  Chem.  26,  392).  Piria  established  the  true  formula  by  examination  of  the 
products  of  decomposition.  See  also  Berselius  {Jahretber.  23,  496;  24,  525),  Ger- 
hardt  (AT.  Awn.  Chim.  Phyt.  7,  215),  Marchand  (J.  pr.  Chem.  30,  251). 

Decompositions.  1.  Salicin  kept  for  some  time  in  the  melted  state, 
acquires  a  brown  colour,  and  a  resinous  friable  consistence  (J.  Gay- 
Lussac  &  Pelouze).  At  a  stronger  heat  it  swells  up,*  chars  with 
smoke  (Hopff),  and  yields  by  dry  distillation  an  acid  watery  liquid, 
and  a  large  quantity  of  brown  oil,  soluble  in  potash-ley,  but  free  from 
benzoic  add  (Braconnot).  When  salicin  is  heated  to  260"",  water  and 
salicylous  acid  are  given  off,  together  with  acid  vapours  having  an  odour 
of  caramel,  and  there  remains  a  yellow  residue  insoluble  in  water, 
which  turns  brown  and  ultimately  chars  (Gerhardt).     By  dry  distillation  a 

heavy  yellow  oil  is  obtained  which  boils  above  250**,  contains  more  carbon  than  salicy- 
lous acid  (72*60  C.  and  6*84  H.),  and  when  treated  with  potash-ley,  yields  salicylous  acid 

(Marchand)).  —  2.  By  the  current  of  a  Bunsen's  battery  of  400  pairs 
salicin  is  resolved  into  glucose  and  saligenin  which  latter  is  then  con- 
verted into  salicylous  and  ultimately  into  saUcylic  acid.  A  brown  sub- 
stance is  formed  at  the  same  time  (Tichanowitsch,  Petersh.  Acad.  Bull. 
4,80;  abstr.  Chem.  Centr.  1861,  613).  —  8.  Salicin  is  not  altered 'by 
ozone.    (Gorup-Besane2^  Ann.  Pharm,  110,  106.) 

4.  Peroxide  of  lead  boiled  with  aqueous  salicin  gradually  turns  brown 
and  dissolves  in  the  form  of  formate  of  lead  and  a  compound  of  salicin 
with  lead-oxide.     Sulphuric  acid  added  to  the  filtrate  throws  down  a 
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mixture  of  sulphate  of  lead  and  rutilin  (Stenhouse  Phil  Mag,  J,  19, 
39  ;  J.pr.  Chem.  26,  138).  — When  salicin  is  heated  with  peroxide  of 
lead,  peroxide  of  mxmgaiieae,  or  bichromate  of  potash^  and  sulphuric  add^ 
fonnic  and  carbonic  acids  are  produced,  in  the  last  case  also  salicylous 
acid  (Piria).  When  more  than  3  pts.  oil  of  vitriol  are  used  to  4  pts.  of 
bichromate  of  potash,  saliretin  is  obtained  instead  of  salicjlouB  acid 
(Piria). — Dobereiner  {Ann,  Pharm.  3,  146)  obtained  a  large  quantily 
of  formic  acid  from  salicin  by  the  action  of  manganese  and  sulphuric 
acid.  See  also  xii,  236.  —  Salicin  reduces  pennanganate  of  potash  (Duflos, 
S<^w.  61,  214). 

5.  In  chlorine-gas  salicin  changes  to  a  red,  resinous,  turpentine-lifce 
mass,  while  a  large  quantity  of  hydrochloric  acid  is  given  off.— When 
chlorine-gas  is  passed  into  a  mixture  of  salicin  and  water,  chloro-  and 
bichloro-salicin  are  successively  produced  (Piria).     Fonnerly  Piria  tikewue 

obtained  a  product  which  he  subseqaently  regarded  aaamixtnreof  hi*  and  per-diloroaalidn. 

—  If  the  mixture  be  heated  to  60"*  during  the  passage  of  the  ddorine,  a 
red  oil  is  separated,  probably  bichlorosaliretin,  resulting  from  the  de- 
composition of  bichlorosaUcin  by  hydrochloric  acid  (Puia).  Bromine 
and  iodine  likewise  act  upon  saUcin,  with  evolution  of  heat,  and 
form  resinous  bodies  similar  to  those  which  they  produce  from 
phlorizin  (De  Koninck).  —  When  sahcin  is  distilled  with  chloride  of  Ime 
and  water,  chloropicrin  (xi.  216)  is  obtained,  but  no  chloranil  (Stenhouse, 
Ann,  Pharm.  65,  4 ;  66,  247).  Aqueous  chloride  of  lime  does  not  form 
a  yellow  precipitate  with  salicin.  —  When  soda-ley  is  poured  npon 
saUcin,  and  iodme  or  bromine  added  till  coloration  is  produced,  and  the 
liquid  evaporated  in  vacuo,  salicylous  acid  is  produced,  but  no  Balicylic 
acid.     (Lefort,  Compt.  rend.  23,  229.) 

6.  Salicin  immersed  in  cold  oU  of  vitriol  forms  a  fine  purple-red  solu- 
tion, from  which  water  throws  down  a  dark-red  powder,  Braconnot's 
rutilin  (Braconnot).  The  solution  formed  at  10°  is  decolorised  by 
water;  that  produced  at  30°  is  not;  both  solutions  contain  olivin, 
rutilin,  and  rufisulphuric  acid  (Mulder).  With  oil  of  vitriol,  salicin 
yields  rutiUn  and  glucose  (or  products  of  its  decomposition).  (Piria.) 
Aqueous  salicin  is  also  reddened  by  oil  of  vitriol  (Duflos,  Schto.  67,  25). 

When  salicin  is  added  to  oil  of  vitriol,  there  is  formed,  as  it  dis- 
solves, a  bright  red  liquid,  which  loses  its  colour  and  deposits  a  red 
powder,  if  the  oil  of  vitriol  is  allowed  to  absorb*  water  from  the  air,  but 
remains  coloured  if  the  oil  of  vitriol  is  diluted  by  addition  of  water, — 
also  after  neutralisation  with  alkalis.  If  the  solution  be  diluted  with 
its  own  weight  of  water  and  neutralised  with  pulverised  carbonate  of 
potash,  sulphate  of  potash  is  precipitated  mixed  with  rutilin ;  the  latter 
when  isolated  by  washing  with  water,  has  a  yellowish  liver-red 
colour,  is  tasteless,  and  insoluble  in  water,  alcohol,  and  glacial  acetic 
.  acid,  even  at  the  boiling  heat.  It  is  turned  violet-red  by  alkalis,  with- 
out dissolving,  brighter  red  by  acids,  and  dries  up  to  a  black-brown 
powder  which  yields  picric  acid  with  nitric  acid,  and  leaves  a  large 
quantity  of  charcoal  when  heated.  This  formation  of  rutilin  (likewise 
produced  from  populin)  is  attended  with  complete  decomposition  of  the 
saUcin.     (Braconnot,  J.  Chim.  med.  17,  17;  Pogg.  20,  621.) 

a.  Mulder's  OUrin.  —  When  2  or  3  grammes  of  salicin  are  immersed 
in  oil  of  vitriol  at  15°,  and  the  product  is  washed  with  water  and  dried 
at  130°,  an  olive-green  crystalline  product  is  obtained,  containing  on 
the  average  68*67  p.  c.  C,  4-81  H.,  and  26*52  0.,  and  answering,  accord- 
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ing  to  Mulder,  to  the  formula  C"H«0*.    No  other  product  appears  to 

be  formed  (therefore  perimpe  salicin  minus  7  at.  water  ==  C»H"(y. — Kr.).  —  Thifl 
olivin,  when  heated,  gives  off  the  odour  of  salicylous  acid,  and  after- 
wards empyreumatic  products.  It  is  insoluble  in  boiling  hydrochloric 
and  dilute  sulphuric  acids,  but  dissolves,  with  violet  colour,  in  warm  oil 
of  vitriol.  When  heated  with  nitric  acid,  it  is  first  dissolved  with  red 
colour,  and  then  decomposed.  Insoluble  in  water,  boiling  potash-ley, 
alcohol,  and  ether.  (Mulder.) 

^  ^  b,  Mulder's  TtutUm  {cantainmg  Sulphuric  Acid).  —  When  larger  quan- 
tities of  salidn  are  introduced  into  oil  of  vitriol,  part  of  it  cakes 
together  to  a  brown  mass,  enclosing  still  unaltered  salidn.  If  this 
mass  be  freed  by  decantation  from  the  greater  part  of  the  oil  of  vitriol, 
then  shaken  up  with  absolute  alcohol,  pulverised,  and  washed  with 
water  and  alcohol,  rutilin  remains  behind ;  it  might  also  be  separated 
by  a^tating  with  absolute  ether  the  mass  which  remains  after 
decanting  the  oil  of  vitriol,  removing  the  upper  milk-white  layer  of 
liquid,  and  precipitating  the  lower  violet-blue  liquid  with  absolute 
alcohol.  This  rutilin,  according  to  the  temperature  at  which  it  has 
been  prepared,  appears,  either  as  a  violet  translucent  jelly,  which  dries 
up  to  a  violet  powder  or  (at  a  higher  temperature,  between  30**  and 
70°)  as  a  hard  brown  powder.  It  dissolves  with  red  colour  in  oil  of 
vitriol,  also  in  nitric  acid,  and  is  decomposed  when  heated  therewith. 
After  drying,  it  is  iasoluble  in  boiUng  potash-ley,  but  is  taken  up  by  it 
in  presence  of  excess  of  sulphuric  acid,  and  then  separates  on  evapora- 
tion. It  is  insoluble  in  water,  alcohol  and  ether.  The  products  formed 
at  40°,  56°,  and  70°  resoectively,  and  dried  at  130°,  differ  from  one 
another  in  composition.  (Mulder.) 


C  ... 
H... 
O  ... 
80« 


«/40^ 

ai  bb\ 

a/70'. 

65-28    .... 

■...      99*42     ••.. 

....     64-48 

4-65    .... 

....        4*05 

....      4-59 

14-33    .... 

....     I4*/o     .... 

....     19-63 

15-74    .... 

....     21-80     .... 

...     11-30 

10000    100-00    10000 

Mulder  regards  theee  sabitsnoes  as  oompounda  of  a  radical  t>*W,  with  rariable 
quantities  of  oxygen  and  sulphuric  acid.    See  hia  formulsB  {J,  pr,  Chem,  18,  364). 

0.  Mulder's  Ruftsutphuric  acid. — Contained  in  the  red  sulphuric  acid 
solutions,  produced  by  the  action  of  oil  of  vitriol  on  salicin,  and 
obtained  in  the  form  of  a  lime-salt,  by  diluting  the  sulphuric  acid 
solution  with  water,  neutralising  with  dialk,  and  evaporating  the  red 
filtrate.  If  the  solutions,  when  evaporated,  deposit  rutilin  in  brown 
flocks,  and  becomes  acid  at  the  same  time,  the  flocks  of  rutilin  must 
be  removed,  the  liquid  again  neutralised  with  chalk,  evaporated,  and 
80  on  as  long  as  the  solution  continues  to  turn  acid.  The  imaltered 
salicin  maybe  removed  from  the  residue  by  alcohoL  The  lime-salt  (a) 
forms  a  chesnut-brown  powder,  which  dissolves  in  a  small  quantity  of 
water,  but  is  insoluble  in  alcohol.  In  oil  of  vitriol  it  dissolves  with  red 
colour,  which  disappears  on  addition  of  water ;  in  dilute  acids  without 
coloration.  Another  lime-salt  {h)  is  obtained  in  the  form  of  a  jeUy,  by 
neutralising  the  snlphuric  add  solution  with  chalk,  and  precipitating 
with  alcohol.  On  dissolving  this  jelly  in  water  and  evaporating, 
sulphate  of  lime  separates  out,  while  the  salt  a  remains  in  solution. 
At  130°,  the  lime-salt  a  contams  22-48  p.  c.  S0»,  8-06  CaO.,  4-18  H., 
and  about  40  G. ;  and  h  contains  32*87  p.  c.  SO*,  10*44  CaO,  3*30H.,  and 
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83*3  G.     Malder  esUmates  the  carbon  at  a  higher  amomit,  sapposing  that  ctibonate 
of  lime  remained  behind  in  the  oombnstion.     He  r^arda  the  salty  as  oomponnds  of 
snlpharic  add,  water  and  lime,  with  a  body  C^^H^O*,  said  also  to  be  prodnoed  under 
I  similar  circumstances  from  phlorizin.  (Mulder,  J.pr.  Chem,  18,  356.) 

Salicin  boiled  with  dilute  sulphuric  (or  hydrochloric)  add  is  resolved 
into  saliretin  (xii,  231)  and  glucose,  if  the  liquid  be  heated  only  till 
it  begins  to  snow  turbidity  (at  80°),  and  then  cooled,  the  solution  wiD 
be  found  to  contain  saligeuin,  which  is  therefore  produced  before 
the  saliretin,  but  is  converted  into  the  latter  before  all  the  salicin 
is  decomposed.  (Piria.) 

Formation  of  saligenin :  C«ffK)"  +  2H0  =  C"H«0*  +  CJ".ir«(P.— 
The  transformation  takes  place  even  when  the  air  is  excluded.  (Piria.) 
The  complete  decomposition  is  difficult,  so  that  variable  quantities  of 
glucose  are  produced  (Roser,  Ann.  Pharm.  74,  184)  ^btt  P*-  of  hydro- 
clSloric  acid  mixed  with  aqueous  salicin  does  not  alter  its  rotatory 
power  at  10°  in  48  hours  (Bourchadat,  Compt.  rend,  18,  298).  When 
the  solution  in  dilute  hydrochloric  acid,  which  is  easily  formed, 
is  evaporated  on  a  glass  plate,  unaltered  salicin  remains,  but  hot 
hydrochloric  add  acts  in  the  same  manner  as  boiling  dilute  sulphuric 
acid.  (Braconnot).  —  When  hydrochloric  acid  gas  is  passed  into  aloo* 
holic  salicin,  a  splendid  purple-red  liquid  is  formed,  from  which  water 
precipitates  saliretin.  (Roser.) 

7.  When  small  quantities  of  hydrochloric  acid  are  added  to  a  solu- 
tion of  salicin  and  chlorate  of  potash  in  boiling  water,  the  mixture 
acquires  a  deep  orange-yellow  colour,  gives  off,  with  brisk  effervescence, 
the  products  of  the  decomposition  of  chloric  acid,  together  with  a 
large  quantity  of  carbonic  acid,  and  becomes  covered  with  crystals  of 
chloranil,  see  xi,  196  (A.  W.  Hofmann,  Ann.  Pharm.  52,  64).  A  peculiar 
oil  is  formed  at  the  same  time.  (Stadeler,  Ann.  Pharm.  69,  327). 
Aqueous  iodic  acid  at  110°  oxidises  only}  of  the  carbon  of  salicin, 

\  unless  it  is  employed  in  large  excess  (Millon,  Compt.  rend.  19,  271 ; 

[  N.  Ann.  Chim.  Phya.  13,  37.) 

\  8.  Cold  concentrated  nitric  add  dissolves  salicin  more  abundantly 

I  than  water,  but  does  not  decompose  it ;  in  fact  on  saturating  the  liquid 

i immediately  ?  Kr.),  the  salicin  is  recovered  with  all  its  properties. 
Braconnot).  —  By  the  prolonged  action  of  nitric  acid  on  salicin,  there 
are  produced,  according  to  the  temperature  and  strength  of  the  acid, 
\  helicoYdin,  helidn,  anilotic  or  nitrosalicylic  acid,   and  lastly,  if  the 

salicin  is  heated  with  excess  of  nitric  acid,  the  products  are  picric 
'  acid  and  oxalic  acid. 

[■  a.  When  nitric  add  of  20°  Bm.  is  poured  upon  salidn  at  the  tem- 

''  perature  of  the  air,  and  left  to  stand  in  an  open  vessel,  the  solution 

r  which  is  yellow  at  first,  deposits  crystals  of  helidn : — 

t  C»H«0»*  +  20  -  C?»H»«OM  +  2HO. 

I  Sometimes  helicoldin  is  obtained  instead  of  helicin,  espedally  if  the 

[  nitric  acid,  has  a  specific  gravity  of  about  12  °  Bm.    ]N  o  gas  is  evolved  in 

f  the  reaction  (except  hyponitric  add),  but  by  the  furtiier  action  <rf  the 

nitric  add  on  previously  formed  helicin,  salicylous  add  is  also  produced. 

(Piria.) 
.    h.  The  same  mixture  set  aside  in  a  closed  vessel,  so  that  the 

hyponitric  acid  cannot  escape,  slowly  deposits  between  10°  and  1-5° 
*. 
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crystals  of  anilotic  or  nitrosalicylic  acid  (xii,  805)  the  quantity  of  which 
continually  increases  after  a  week,  whilst  tittle  or  no  more  helicin  is 
produced. 

C»HWOi*  +   40    f   NO»,HO  «  C"XH*0«  +   C»H»20»   +   2HO. 

Piria  regards  anilotic  and  nitrotalicylic  adds  (the  identity  of  which  was  assnmed  at 
Yol.  xii,  p.  305,  on  the  authority  of  Major)  as  distinct  but  isomeric  adds,  and  likewise 
maintains  the  opinion,  against  Major,  at  a  later  date  (Cimento,  2,  299 ;  Ann.  Pharm. 
97,  254).  On  the  other  hand,  Werther  (/.  pr.  Chem.  76,  449),  Major  and  Strecker 
{Ann.  Pharm.  105,  299)  found  that  the  two  acids  are  identical. 

c.  Saticin  treated  with  8  pts.  nitric  add  yields  picric  acid  (xi,  21 1)  and 
oxatic  acid.  (Braconnot.)  mixed  with  excess  of  nitric  acid  diluted  with 
10  times  its  bulk  of  water,  and  heated  once  or  twice  to  the  boiling  point, 
it  turns  yellow,  gives  off  red  vapours  with  an  odour  of  salicylous  acid, 
and  when  left  at  rest,  deposits  that  acid  in  the  form  of  an  oil.  On 
again  heating  the  liquid  to  the  boiling  point,  it  becomes  clear,  and 
after  some  time,  deposits  on  cooling,  needles  of  nitrosalicytic  acid, 
which  by  longer  boilmg  are  converted  into  picric  acid.  (Gerhardt.) 

9.  In  contact  with  fluosUicic  alcohol  (obtained  by  passing  gaseous 
fluoride  of  silicium  to  saturation  into  absolute  alcohol  kept  cool  with 
ice),  salicin  acquires,  after  some  time,  a  fine  crimson  colour.  (W.  ELnop, 
J.  pr.  Chem.  74,  62.) 

10.  When  a  3  p.  c.  aqueous  solution  of  osnac  acid  is  poured  upon 
salicin,  the  latter  dissolves  to  a  colourless  liquid,  which  even  at  ordi- 
nary temperatures,  and  more  quickly  when  heated,  becomes  yellow, 
brown  and  black,  from  separation  of  osmic  oxide,  and  emits  an  odour 
of  salicylous  acid,  that  of  the  osmic  acid  disappearing  at  the  same 
time.  On  distilling  the  liquid  (with  further  addition  of  osmic  acid), 
aqueous  salicylous  acid  is  obtained,  while  salicylic  and  oxalic  acidia 
remain  behind.  (Buttlerow.) 

11.  Salicin  added  by  small  portions  to  boiling  soda-let/  dissolves 
with  effervescence,  and  the  solution,  after  the  alkati  is  saturated, 
deposits  salu-etin.  On  distilling  the  solution,  after  neutralising  with 
an  acid,  salicylous  acid  passes  over,  and  a  residue  is  left  containing 
salicylic  acid  and  a  brick-red  powder  (Bouchardat,  Compt.  rend.  19, 1179; 
see  also  below).— When  salicin  is  added  by  small  portions  to  melting 
hydrate  of  potash^  the  mass  becomes  brown  and  hot,  then  swells  up, 
gives  off  hydrogen,  and  becomes  colourless  again.  The  residue  con- 
tains salicylate,  oxalate,  and  perhaps  also  carl^nate  of  potash.  If  a 
sufficient  excess  of  potash  is  not  used,  the  chief  products  obtained  are 
salicylous  acid  and  a  brown  resin,  instead  of  salicylic  acid.  —  When 
salicin  is  more  strongly  heated  with  potash-hydrate,  the  mass  blackens 
and  gives   off  carbolic  acid«   (Gerhardt).  —  Salicin  distilled  with  \  pt.  lime, 

yields  Stenhonse's  talieone,  which  is  a  mixture  of  carbolic  and  salicylous  acids  (Ger- 
hardt), while  charcoM  and  carbonate  of  lime  remain  behind. 

12.  Sulphate  and  hydrochlorate  of  ferric  oxide  colour  salicin  brown, 
but  without  forming  any  precipitate.  The  liquid  when  boiled  becomes 
colourless  and  deposits  an  ochre- yellow  precipitate.  On  evaporating 
the  filtrate  to  dryness,  and  treating  the  residue  with  absolute  alcohol, 
ferrous  sulphate  remains  undissolved,   and  the    alcohol   yields  by 
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evaporation  crystals  different  from  salicin  (Be  Koninck,  Memoire  eur  la 
Phhriziney  18). 

13.  When  salicin  is  brought  in  contact  with  water  and  emulgin 
(xiiy  233)  at  a  temperature  not  above  40°,  it  is  completely  resolved  in 
the^course  of  10  or  12  hours,  into  saligenin  and  glucose : 

C»HWO»*  +  2HO  «  CMH»0*  +  C»HM0»     (Piria.) 

Kespecting  the  sugar  thus  prodaced,  eee  page  348  of  this  Tolnme.  The  transforma' 
tion  is  not  dependent  on  the  presence  of  yeast ;  it  is  not  prevented  by 
prussic  add,  cupric  sulphate,  or  cyanide  of  mercury  (Boudiardaty 
Compt.  rend,  19,  602),  but  retarded  by  addition  of  1  pt.  caustic  soda, 
oil  of  vitriol,  nitric  add  or  hydrochloric  acid  to  100  pts.  of  the  salidn, 
and  in  a  less  degree,  if  lime  or  magnesia  be  added,  instead  of  the 
substances  just  mentioned  (Bouchardat,  Compt.  rend,  20,  110).  The 
action  of  emulsin  is  retarded  by  the  presence  of  acetic  or  tannic 
acid  (Seelheim).  —  When  tannic  acid  is  added  to  a  mixture  of  emulsin 
and  salicin,  the  greater  part  of  the  salicin  is  found  unaltered  at  the  end 
of  6  weeks,  and  partly  crystallised  out.  The  mother-liquor  treated 
with  an  additional  quantity  of  emulsin,  and  again  set  aside,  yields, 
after  evaporation,  another  portion  of  salicin,  together  with  saUgenin 
and  gaUic  acid,  but  no  saliretin  is  produced  (by  the  action  of  the  adds  on 
the  saligenin).  (Seelheim,  Dissert  Gottingen,  I860.)  —  Salicin  dissolved  in 
water,  in  contact  with  yeast  and  bicarbonate  of  soda,  decomposes  in 
the  course  of  three  weeks,  with  formation  of  sahgenin  and  salicylous 
acid  (Ranke).  — 14.  By  digestion  with  saliva^  at  38°  or  40®,  it  is  de- 
composed in  a  few  hours  in  the  same  manner  as  by  emulsin.  The 
quantity  of  saliva  which  can  be  collected  in  a  quarter  of  an  hour  is 
capable  of  decomposing  1  gramme  (or  more)  of  salicin  (Stadeler,  J,  pr. 
Chem.  72,  350 ;  N.  J.  Pharrri.  38,  127).  -- 15.  After  the  ingestion  of 
salicin,  salicylous  and  salicylic  acids  are  found  in  the  urine.  (Laveran 
&  Mellon,  N.  Ann.  Chim.  Phys,  12,  145).  After  large  doses,  unaltered 
salicin  is  foimd  together  with  saligenin,  and  perhaps  also  carbolic  acid 

(Ranke,   J.  pr.    Chem.  56,  1) ;  (see  Hondb.  viu«  Zoochem.  404).     Diastase  does 
sot  act  upon  Balidn  at  40"  (StSdeler). 

Salicin  dissolves  in  cold  water;  more  freely  and  perhaps  in  all  pro- 
portions, in  boiling  water  (Pelouze  &  J.  Gay-Lussac).  It  dissolves  in 
14  pts.  water  at  17°  (Braconnot),  in  17*85  pts.  at  19*5°  (J.  Gay- 
Lussac  &  Pelouze),  in  28*57  pts.  at  common  temperatmres  (Bouchardat), 
in  30*31  pts.  at  11*5°  (Piria). 

It  neither  saturates  acids  nor  combines  with  them.  It  does  not 
undergo  any  alteration  of  rotatory  power  by  contact  with  ammonia 
([Bouchardat),  ndther  does  it  form  a  coloured  compound  (correspond- 
ing to  phlorizin)  when  exposed  to  the  air  in  contact  with  ammonia 
(Mulder). 

It  dissolves  in  aqueous  alkalis  more  easily  than  in  water.  —  When  a 
solution  of  salicin  in  water  is  mixed  with  i  pt.  potash-hydrate  and 
evaporated,  there  remains  an  uncrystallisable  honey  from  which  adds 
SjBparate  salicin  (Braconnot^ :  see  above.  —  Salicin  does  not  neutralise 
lime-water  when  boiled  with  it.  Aqueous  salicin  does  not  precipitate 
metallic  salts. 

Lead-compound  of  Salicin.  —  Aqxieona  salicin  neither  diwolvea  lead-oxide  nor 
precipitates  neutral  or  basic  acetate  of  lead.     (Pelouze  &  Gay-Lnssac.)     SaUcin  give» 
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off  water  when  heated  with  oxide  of  lead,  bat  may  be  recovered  unaltered  by  means  of 
hydrosnlphuric  acid,  even  after  being  heated  to  142**.  (Mulder,  /.  pr,  Chem.  17,  298). — 

The  compound  is  obtained  by  adding  basic  acetate  of  lead,  drop  by 
drop,  to  a  hot  concentrated  aqueous  solution  of  salicin,  till  about  half 
the  salicin  is  precipitated,  and  washing  the  product  with  de-aerated 
water  out  of  contact  with  the  air.  —  It  is  a  white,  light  powder 
resembling  starch.  Tastes  sweetish  and  bitter.  Does  not  give  off 
any  water  when  heated  to  200°.  It  is  coloured  deep  red  by  oil  of 
vitriol,  and  decomposed  by  acids,  with  separation  of  salicin.  It  dis- 
solves in  potash-ley  and  in  acetic  acid.     (Piria). 


26  C 156 

14  H    14 

10  0 80 

4  PbO    448 


Erdmann. 

Piria. 

&  Marcband. 

mean. 

mean. 

22-35 

....     21-74     . 

19-39 

2-01 

....       2-14     . 

2-02 

11-46 

....     13-01     . 

15-34 

64-18 

....     63-11     . 

63-25 

C»H"Pb*0"   ....  698     ....  10000     ....  100-00    100-00 

When  aqueous  salicin  is  mixed  with  cupric  sulphate  and  excess  of 
potash-ley,  the  precipitate  formed  at  first  dissolves  to  a  blue  liquid, 
which  becomes  turbid  at  a  temperature  below  100°,  and  deposits  flocks 
which  turn  green,  and  after  longer  boiling,  brown.  (Lassaigne, 
J.  Chm.  med.  181,  417.) 

Salicin  does  not  dissolve  in  alcohol  more  freely  than  in  water 
(Braconnot).  It  dissolves  in  acetic  acid,  but  is  obtained  in  its  orj^nal 
state  on  evaporating  the  solution  to  dryness  (Braconnot,  Hopfln.  — 
It  is  insoluble  in  ether.  —  It  dissolves  in  cold  and  more  abundantly  in 
warm  creosote  (Reichenbach).  It  is  not  precipitated  from  its  aqueous 
solution  by  tincture  of  galls  or  by  gelatin  (Pelouze  &  J.  Gay-Lussac). 


Helicin. 

PnuA.    N.  Ann.  Chim,  Phys.  14,  287 ;  Ann.  Pharm.  56,  64 ;  J.  pr. 
Chem.  36,  321. 

Formation.  1,  By  treating  salicin  with  nitric  acid  (p.  436). — 
2.  By  boiling  benzo-helicin  with  magnesia  (Pii-ia,  Ann.  Pharm.  96, 380). 

Preparation.  1  pt.  of  pulverised  salicin  is  covered  with  10  pts. 
of  nitric  acid  of  20°  Bm.,  and  left  to  stand  in  an  open  vessel,  with 
occasional  stirring,  till  the  yellow  solution,  smelling  of  salicylous  acid, 
which  forms  in  about  24  hours,  has  re-solidified  to  a  crystalline  pulp, 
from  formation  of  helicin.  This  pulp  is  freed  from  the  mother  liquor 
by  pressure  and  washing  with  cold  water ;  from  traces  of  anilotic  acid 
formed  at  the  same  time,  by  washing  with  ether ;  and  then  crystallised 
from  boiling  water. 

Properties.  Anhydrous  helicin,  obtained  by  heating  the  crystallised 
compound   to   100°,   melts   at  about    175*"    to   a  transparent  liquid, 
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resembling  pahn-oil  in  colour  and  consistenoe,  and  solidifies  in  a  ctystal- 
line  mass  on  cooling 
like  salicin.    NeutrcS 


tji  _--  -  —    —      /  —  —  —  — ^  — 

line  mass  on  cooling.  —  Inodorous.    Tastes  slightly  bitter,  somewhat 


Decompositions.  1.  Helicin,  meUed  for  some  time  over  the  oil-bath, 
gives  off  water  and  salicylous  acid,  the  residue  thereby  becoming  more 
fusible,  and  ultimately  solidifying  on  cooling,  though  not  immediately^ 
to  a  yellow  opaque  resin.  This  resin  is  nearly  insoluble  in  boiling 
water  and  in  alcohol,  still  exhibits  with  potash  the  reaction  of  helicin, 
and,  when  boiled  with  very  dilute  hydrochloric  add,  is  partially  decom- 
posed, with  evolution  of  salicylous  acid,  the  greater  part,  however, 
reappearing  when  cold  as  crystallised  helicin.  —  2.  The  solution  of 
helicin  in  nitric  acid  of  13°  or  20°  Bm.,  set  aside  over-night,  is  found 
to  contain  a  large  quantity  of  salicylous  acid.  —  3.  Bromine  converts 
helicin  into  bromohelicin.  Aqueous  and  alcoholic  heUcin  are  converted 
by  chlorine  into  a-  and  fi-chlorohelicin.  —  4.  Oil  of  vitriol  colours 
helicin  orange-yellow,  and  then  dissolves  it.  —  6.  when  helicin  is 
boiled  with  very  dihUe  eidphuric  or  hydrochloric  add,  salicylous  acid  is 
given  off  and  glucose  remains  in  solution.  A  similar  but  weaker  and 
less  complete  decomposition  is  produced  by  oxalic^  citric  and  tartaric 
acids,  —  6.  When  helicin  is  heated  with  potash  or  soda-ley  the  solution 
turns  yellow  from  formation  of  salicylite  of  potash,  and  the  helicin  is 
completely  decomposed.  Baryta  and  lime  act  in  a  similar  manner; 
ammonia  and  the  alkaline  carbonates  less  strongly.— 7.  By  aqueous 
emulsin,  helicin  is  resolved  into  salicylous  acid  and  glucose.  By  dis- 
tilling the  mixture  for  some  hours,  the  whole  of  the  salicylous  add  is 
obtained  which  the  helicin  is  capable  of  yielding,  and  the  solution 
filtered  from  the  coagulated  emulsin  contains  the  sugar : 

C»Hi»0"  +  2H0  =  CMH«0*  +  C^^HMO^. 

8.  A  mixture  of  helidn  with  yeast  which  has  stood  for  some  hours, 
contains  saUcylons  acid,  and  gives  off  gas  when  shaken. 

I  Comlnnatione.     With  Water.  —  Crystallised  BeUdn,    Slender  white 

[  needles  grouped  in  tufts  and  radiate  masses.    Between  100°  and  113^ 

i  it  gives  off,  on  the  average,  4*17  per  cent,  of  water  (calc  4'54  p.  c). 

r  • 

r 

i  Piria. 

Crystals.  tnean. 

\  52  C  312     ....     52*44     62-36 

:  35  H 35    ....      588    603 

[  31  0 248     ....    41-68     41-61 

2(C»H«OM)  +  3«i.  595     ....  10000    100*00 

Ciystallised  helicin  dissolves  in  64  pts.  water  at  8°,  and  very  easily 
in  boiling  water. 

It  does  not  unite  with  hases^  but  potash  and  soda  increase  its 
solubility  in  water.  The  aqueous  solution  has  no  action  on  chloride 
of  barium^  chloride  of  calcium^  zinc-salts^  nitrate  or  acetate  of  lead,  basic 
acetate  of  leadj  sesquichloride  of  iron,  cupric  salts,  corrosive  suhUmate  or 
nitrate  of  silver. 

It  is  more  soluble  in  alcohol  than  in  water,  but  insoluble  in  ether. 


1 
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Helicoidin. 

PiRiA.     Ann.  Fharm.  56,  69  ;  N.  Ann.  Chim.  Phys.  14,  292. 

Formed  by  disolving  salicin  in  mtric  acid  of  12°  B.  (therefore  alao 

instead  of  helicin  when  the  add  used  for  the  preparation  of  that  substance' is  too  weak) 

and  crystallises  from  the  solution  after  some  days.  —  Needles  similar 
to  helicin,  which  may  be  obtained  pure  by  washing  with  cold  water  and 
one  reciystallisation  from  boiling  water. 

Piiia. 
CrytidU.  mean. 

52  C 312     ....     52-26     52-33 

37  H 37     ....       6-19     6-30 

31  0 248     ....     41-55     41*37 

CMH»«0a  +  3aq 697     ....  100-00    100-00 

HeltcoTdin  may  be  regarded  as  imperfectly  oxidised  salidn,  but  not  as  a  mixture  of 
salicin  and  helicin^  inasmuch  as  such  a  mixture  would  not  produce  saligenin  with 
alkalis. 

HeUooldin  is  converted  by  emnlsin  into  glucose,  salicylons  aoid  and 
saligenin.  On  distilhng  it  after  decomposition,  saUcylons  add  passes 
over,  whilst  glucose  and  saligenin  crystallise  from  the  concentrated 
residue.  —  By  cdkdUa  and  acidsy  it  is  decomposed  in  the  same  manner 
as  by  emulsin;  in  the  latter  case,  however,  saliretin  is  obtained 
instead  of  saligenin.    In  other  respects  helicoidin  behaves  like  belidn. 


Populin. 

H.  Bkaconnot.  Ann.  Chim.  Phys.  44,  296 ;  Pogg.  20,  47 ;  N.  Tr.  23, 
2,  261 ;  Br.  Arch.  36,  226 ;  Schw.  61,  197 ;  Eepert.  86,  280 ;  Berz. 
Jahresher.  11,  286.  —J.  CMm.  med.  7,  21. 

Herbergeb.    Repert.  55, 214. 

De  Koni^gk.    Rev.  Scient.  1,  332. 

PiRiA.  Compt.  rend.  34,  138;  N.  Ann.  Chim.  Phys.  34,  278;  Ann. 
Pharm.  81,  245 ;  J.  pr.  Chem.  55,  321 ;  Pharm.  Centr.  1852,  151 ; 
Chem.  Soc.  Qu.  J.  5,  8.  —  CimentOj  1,  198  ;  abstr.  Ann.  Pharm.  96, 
375 ;  J.  pr.  Chem.  67,  274 ;  N.  Ann.  Chim.  Phys.  44,  366 ;  Lieb. 
Kopp.  Jahresher.  1855,  688. 

Benzoyl'SaHcin, — Discovered,  in  1831 »  byBraconnot;  investigated  especially  by 
Piria, 

Occurrence.    In  the  bark  and  leaves  of  the  aspen,  Populus  tremula 
(Braconnot).    Also  in  the  root.    (Van  de  Ghejn.)    On  a  peculiar  substance 

from  the  bark  of  Populus  nigra,  see  Herberger  {Repert,  bb,  248; ;  on  a  substance 
from  poplar-buds,  see  p.  444. 
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Prq>€a^ation.  1.  The  aqueous  decoction  of  the  bark  is  precipitated 
with  basic  acetate  of  lead ;  the  filtrate  is  freed  from  lead  by  sulphuric 
add,  then  concentrated  and  boiled  with  animal  charcoal ;  and  the  salidn 
is  left  to  ciystallise  out.  The  mother-Kquor  yields  with  cazbonate  of 
potash,  a  white  precipitate  of  populin,  which  must  be  recrystallised 
from  boiling  water  (Braconnot).  Herberger,  after  precipitating  with 
basic  acetate  of  lead,  removed  the  lead  by  passing  carbonic  add  into 
the  liquid,  and  evaporated  the  filtrate  to  a  syrup,  from  which  the 
populin  crystallised.  —  From  the  decoction  of  the  root-bark,  populin 
crystallises  after  concentration  (even  without  precipitation  by  basic 
acetate  of  lead^.  (Van  de  Ghejn.)  —  2.  The  leaves  of  the  aspen  are  boiled 
with  water ;  tne  decoction  is  precipitated  hot  with  basic  acetate  of 
lead ;  the  populin  carried  down  with  the  precipitate  is  dissolved  out 
by  boiling  water;  and  the  filtrate  is  evaporated  to  a  syrup.  The 
ciystalliue  mass  which  separates  is  pressed  between  linen,  heated  to 
boiling  with  60  pts.  water  and  a  little  animal  charcoal,  and  filtered  at 
the  boiling  heat :  the  populin  crystallises  on  cooling  (Braconnot). 

JRrqp^rties.  Crystallised  populin  (lee  below)  is  rendered  anhydrous  by 
heating  it  to  100®.  Anhydrous  populin  melts  at  180°  to  a  colourless 
oil,  which  solidifies  in  a  vitreous  mass  on  coohng  (Piria).  Tastes 
sweet  (Braconnot).  Rotatory  power,  to  the  left,  proportional  to  the 
quantity  of  saUcin  produced  by  the  decomposition  of  the  populin. 
(Biot  &  Pasteur,  Con^.  rend.  84,  607.) 

Decompomtiona,  1.  Fused  populin  heated  to  ISO*"  gives  ofF  pxmgent 
vapours  which  condense  in  needles ;  at  220°  it  turns  brown,  but  is 
obtained  unaltered  after  solution  in  aqueous  alcohol  (Piria).  When 
subjected  to  dry  distillation  it  swells  up  and  yields  empyreumatic 
oil,  from  which  benzoic  acid  crystallises  on  <x)oling  (Braconnot).  — 
2.  It  hums  with  fiame  and  an  empyreumatic  resinous  odour  (Braconnot). 
•^  8.  Heated  vnth  sulphuric  add  and  bichromate  of  potash  it  gives  off 
large  quantities  of  saiicylous  add  (Piria).  —  4.  By  solution  in  nUric 
add  of  sp.  gr.  1*80,  it  is  converted  into  benzo-helidn,  which  crystal- 
lises after  standing  for  some  time.  The  solution  at  the  same  Imie  is 
coloured  yellow  by  hyponitric  acid : 

C«H«OW  +   20  =  C*>H»0»«  +  2HO. 
In  ibis  reaction  also,  the  aaligenin  of  the  populin  is  oonyeited  into  saiicylous  add 

(Piria).  Weak  nitric  acid  acts  upon  populin  only  at  the  boiling  heat, 
saiicylous  acid  being  given  off  from  the  acid  solution ;  ordinary  nitric 
acid  acts  violently,  producing  yellowish  crystals,  probably  consisting 
of  picric,  nitrobenzoic  and  oxalic  acids  (Piria).  Braconnot  obtained  nothing 
bnt  picric  acid ;  Koninck  obtained  picric  and  oxalic  acids.  ~-  5.  With  oU  of  vitriol 

populin  forms  a  deep  red  solution  whence  water  throws  down  a  red 
powder  (Braconnot's  rutilin,  p.  484),  which,  after  the  sulphuric  add  has 
been  removed,  dissolves  in  water  with  red  colour,  and  is  reprecipitated 
by  acids  (Braconnot).  Hot  oil  of  vitriol  carbonises  populin  (Koninck). 
By  boiling  with  dilute  adds^  populin  is  resolved  into  saiiretin 
(xii,  281),  benzoic  add  and  glucose : 

C«H»0»  +  4H0  =  C"H»0^  +  C»H«0^   +   C»HB0» 

Saiiretin.         Benzoic 
acid. 
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The  Baliretin  is  prodnoed  by  the  further  action  -of  the  acid  on  the 
saligenin  (xii,  234),  which  is  the  first-formed  product  (Piria).  Concen- 
trated phosphoric  acid  forms  saliretin  even  in  the  cold  (Braconnot) 
The  formation  of  glnooie  was  first  observed  by  De  Koninck. 

6.  Populin  heated  to  100°  in  a  sealed  tube  with  alcoholic  ammonm^ 
yields  saucin,  benzamide  and  benzoic  ether.  Gaseous  anmionia  does 
not  act  on  populin  at  150°  (Piria).  —  7.  Heated  with  potash-hydrate^  it 
yields  oxalate  of  potash  (Braconnot).  —  8.  Populin  boiled  with  hydrate 
ofharyta  or  ofUme^  yields  a  benzoate  and  salicin : 

C«H«OM  +  2H0  -  C"H«0*  +  C»H»0". 

100  pts.  crystallised  populin  yielded  28*9  pts,  benzoic  acid,  the  calcu- 
lated quantity  being  28'64  pts.  (Piria).  —  9.  By  prolonged  contact 
with  water,  putrid  casein^  and  carbonate  of  lime,  it  is  decomposed  with 
formation  of  saligenin,  lactate  of  lime  and  benzoate  of  lime  (Piria). 

Populin  is  not  altered  by  chlorine  or  iodine,  or  by  boiling  with  pkoephorua  and 
water  (Braconnot),  or  by  eimHein  (Piria). 

Combinations.  —  With  Water,  A.  Crystallised  Populin.  —  White 
silky,  very  hght  needles  (Braconnot),  resembling  starch  or  magnesia 

(Piria).  Interlaced  needles,  which  sometimes  become  broad,  and  appear  like 
laminse ;  but  always  ran  out  into  a  needle-shaped  summit  (Biot  &  Pasteur).     Gives 

off  water  between  35**  and  40°,  and  the  rest  below  100°,  in  all 
8*43  p.  c.  (Piria),  4  at.  :=  8*45  p.C  De  Koninck  desoibea  three-sided  laminse 
which  give  off  5*43  p.  c.  water  in  drying. 

Piria. 
Crystallised,  mean, 

40  C  240     ....     56-34     66-44 

26  H 26    ....      6-10    6-27 

20  O 160    ....    37-66    3729 

C«»H»0»,4HO 426    ....  10000    10000 

B.  Aqueous  Solution.  — Crystallised  populin  dissolves  in  about  2,000 
pts.  of  cold  water  (Braconnot),  in  1896  pts.  at  9°  (Piria),  and  in  70  pts. 
boiling  water  (Braconnot).  The  cold  solution  deposits  populin  on 
being  saturated  with  common  salt ;  the  solution  saturated  at  the  boil- 
ing heat  deposits  it  on  cooling. 

Populin  dissolves  easily  and  without  decomposition  in  cold  adds 
not  too  concentrated,  and  is  precipitated  partially  by  water,  completely 
by  alkaUs  (Braconnot,  Koninck).  According  to  Koninck^  it^  dissolves  also  in 
aqueous  alkalis,  and  is  precipitated  by  adds. 

Aqueous  popuUn  does  not  precipitate  any  metallic  salt.  (Braconnot.) 
It  crystallises  unaltered  from  solution  in  aqueous  metalUc  salts,  but 
may  be  made  to  combine  with  oxide  of  lead^  forming  a  white  substance 
insoluble  in  water.    (Koninck.) 

Populin  dissolves  easilv  in  cold  concentrated  acetic  acid,  and  is  pre- 
cipitated therefrom  partiafiy  by  water,  completely  by  alkalis.  {Bta- 
oonnot.)  It  dissolves  at  14** — 15'',  in  100  pts.  absolute  alcohol  (Biot  & 
Pasteur) ;  in  boiling  alcohol  more  abundantly  than  in  boiling  water, 
scarcely  at  all  in  ether. 


c 
« 
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Appendix  to  PcpuUn, 

Peculiar  Body  from  Poplar-bads. 

W.  Hallwachs.     Ann.  Pkarm,  101,  372;  abstr.  J.  pr.  Chem,  71,117; 
Chem.  Centr.  1857,  401. 

The  bruised  buds  of  Populua  nigra  or  P.  dUatata  are  boiled  with 
water,  the  liquid  strained,  concentrated  to  a  third,  strongly  super- 
saturated with  hydrochloric  acid^  and  left  to  itself  for  24  hours.  The 
separated  yellow-brown  mass  is  washed  with  cold  water,  reciystallised 
by  repeated  boiling  with  water,  then  dissolved  in  boiling  water,  and 
precipitated  with  neutral  acetate  of  lead.  The  washed  lead-salt  is 
decomposed  by  hydrosulphuric  add  under  water;  the  solution  is 
heated  to  the  boiling  point  and  filtered  ;  and  the  lamina,  which 
separate  on  cooling,  are  purified  by  recrystallisation  from  ether  or 
from  water. 

White  laminee  with  a  silky  lustre.  Tasteless,  with  a  faint  odour. 
Melts  at  180°.  Has  a  strong  add  reaction.  —  Contains,  on  the 
average,  62-50  p.  c.  C,  6-87  H.,  and  8 1*63  0. 

Decomposes  when  heated  above  200°,  diffusing  aromatic  vapours. 
—  Dissolves  in  oil  of  vitriol^  with  straw-yellow  colour,  changing  to  deep 
crimson  on  addition  of  a  small  quantity  of  nitric  add.  —  Decomposed 
by  heating  with  dilute  hydrochloric  acid  or  haryta-water^  vnth.  formation 
of  sugar,  —  Nitric  acid  converts  it  into  picric  add.  —  Heated  with  a 
strong  solution  of  cliloride  of  zinc,  it  assumes  a  violet-red  colour. 

Dissolves  at  22°  in  1998  pts.  of  cold  water^  more  easily  in  boilmg 
water.  —  Easily  soluble  in  aqueous  alkaUsj  also  in  hot  aicohol;  dis- 
solves in  44  pts.  ether  at  22°. 


Benzo-helicin. 

PiRiA.     Ann,  Pharm.  81,  246 ;  96,  379. 

Formatum,  p.  442. 

When  populin  is  immersed  in  10  or  12  pts.  nitric  acid  of  sp.  gr.  1-30, 
the  Uquid  m  a  few  minutes  assumes  a  yellow  colour,  takes  up  all  the 
populin,  and  soon  afterwards  deposits  crystals  of  benzo-heucin ;  a 
further  quantity  may  be  obtained  by  diluting  the  mother-liquor  with 
water.    Purified  by  recrystallisation  from  boinng  water.     (See  below.) 

Properties.  Silky  needles  grouped  in  tufts,  and  not  giving  off  any 
water  when  heated. 
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Piria. 
mean, 

40  C  240     ....     61-86     61-80 

20  H 20     ....       5-15     5-23 

16  O 128  ....  32-99  32-97 

C«H»OW  388  ....  100-00  lOO'OO 

Related  to  helicin  (p.  439),  in  the  same  manner  aa  pop«lin  to  salicin. 

Decompositions.  1.  The  yellow  solution  of  benzohelicin  in  oil  of 
vitriol  becomes  colourless  on  dilution  with  water,  and  gives  off  the 
odour  of  salicylous  acid.  Salicylous  acid  is  likewise  volatilised  on  boil- 
ing benzohelicin  with  hydrochloric  acid,  and  the  liquid,  on  cooling, 
yields  crystals  of  benzoic  acid.  In  this  reaction  the  benzohelicin  is 
resolved  into  benzoic  acid,  salicylous  acid,  and  glucose,  according  to 
the  equation : 

C«H»OW  +   4HO  «  C»*H«0*  +   CWH'O*   +   CJaHJ^OW. 

2.  The  solution  of  benzohelicin  in  camtic  alkalis  becomes  golden 
yellow  on  boiling,  and  on  addition  of  acids,  deposits  salicylous  and  ben- 
zoic adds,  retaining  glucose  in  solution.  —  3.  When  benzohelicin  is 
boiled  with  magnesia  (or  other  bases  which  do  not  act  up6n  helicin) 
benzoate  of  magnesia  and  helicin  (p.  439)  are  obtained.  It  is  not 
altered  by  emulsin. 

Benzohelicin  dissolves  in  boiling  water.  If  the  first  drops  of  a 
solution  filtered  at  the  boiling  heat  crystallise  on  cooling,  the  crystal- 
lisation extends  through  the  entire  mass ;  but  on  again  applying  heat, 
and  leaving  the  solution  to  cool  slowly  and  quietly,  it  does  not  yield 
crystals,  but  solidifies  to  a  pulpy  Jelly. 


Bromhelicin. 

C*BrH«0"  =  C"BrH»0*,C"ff»0~. 

PmiA.     N.  Ann.  Chim.  Phys.  14,  298 ;  Ann.  Fharm.  56,  72. 

Prepared  like  chlorhelicin  (p.  446),  but  always  obtained  in  the  form 
of  a  hydrated  jelly,  which  dries  up  to  a  dirty  white  amorphous  pow- 
der, giving  off  2  at.  water  at  100°. 

Hydrated.  Piria. 

26  C 156  40-94  4112 

Br 80  20-99  20-71 

17  H 17  4-46  4-67 

16  0 128  33-61  33-60 

C»BrH«0"  +  2aq.    ....  381 10000     10000 
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Chlorosalicin. 

FiRiiu     N,  Ann.  Ckim,  Phys,   14,  275 ;  Ann.  Pharm.  56,  52 ;  J.  pr, 
Chein.  36,  321. 

FormaiUm,  p.  434. 

PrqHtradon.  Chlorine  gas  is  passed  through  a  pulp  of  1  pt.  finely 
powdered  salicin  and  4  pts.  water,  till  the  whole  is  dissolved  and  a 
copions  crystalline  precipitate  is  subsequently  formed.  The  separated 
chlorosalicin  is  pressed  between  linen,  washed  with  a  small  quantity 
of  cold  water,  duied  between  paper,  ^reed  from  a  small  quantity  of 
adhering  resin  by  agitation  with  ether,  and  recrystallised  from  boiling 
water. 

Properties.  Crystallised  chlorosalicin  is  dehydrated  by  a  heat  of 
IOC  to  110°,  and  melts  at  a  higher  temperature  to  a  colourless  liquid. 
Inodorous^i    Tastes  bitter,  like  salicin. 

Decompositions.  1.  When  heated  above  its  melting  point,  it  gives  off 
a  large  quantity  of  hydrochloric  acid  and  leaves  charcoal  —  2.  It  dis- 
solves in  oil  ofvitriolj  with  reddish  colour.  —  3.  By  dUute  adds  it  is  com- 
pletely resolved  into  glucose  and  a  yellow  resinous  precipitate,  pro- 
bably chlorosaliretin.  —  4.  Its  aqueous  solution  is  quickly  decomposed 
by  emulsin  into  glucose  and  chlorosaligenin  (zii,  293) : 

C»aHi70M  +  2H0  -  a*aB70*  +  C»HBO». 

Combinations.  —  With  Water.  —  Crystallised  Chlorosalicin.  Long, 
silky,  very  light  needles,  which  fiive  off  10*14  p.  c.  water  (calc  4  at  - 
1010  p.  c.)  between  100"*  and  110  . 

Piria. 
Cry$tali.  mean. 

26  C  156-0  43-76  43-56 

CI 35-5  9-96  9-96 

21  H  21-0  6-89  6-14 

18  O  144-0  46-39  40-84 

C»aH>70W  +  4aq.....  356-5     10000    100-00 

Chlorosalicin  dissolves  in  water  and  in  alcohol,  but  not  in  ether. 


Chlorhelicin. 

C*»C1H"0"  =  C»*Cin»0*,C'*B>W«. 
PiRiA.     N.  Ann.  Chim.  Phys.  14,  295;  Ann,  Pharm.  56,  72. 

Obtained  in  two  modifications,  known  as  a-  and/3-chlorhelicin. 
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d'ChhrheUcin,  A  mixture  of  water  and  helicin  is  shaken  up  in  a 
bottle  filled  with  chlorine  gas,  as  long  as  the  chlorine  continues  to  be 
absorbed  and  hydrochloric  acid  formed.  The  helicin  swells  up  to  a 
transparent  jelly,  which  must  be  pressed  between  linen,  washed  with 
cold  water,  and  recrystallised  from  boiling  water.  The  solution,  on 
cooling,  either  deposits  small  needles  of  mono-hydrated  a-chlorheUcin, 
or  solidifies  to  an  amorphous,  pasty  jelly,  containing  more  water  than 
the  needles. 

The  needles,  heated  to  between  120°  and  130°,  are  converted  into 
anhydrous  a-chlorhelicin.  —  Inodorous.     Tastes  bitter. 

Between  120''  and  130^  IHria. 

26  C  156-0  ....  48-98  49-02 

a.... 35-5  ....  11-14  1102 

15  H  150  ....  4-72  4-90 

14  O  1120  ....  35-16  35-06 


C»aH»OW....  818-5     ....  100-00    10000 

a-chorhelicin,  when  heated,  gives  off  vapour  of  chlorosalicylous 
acid  (xii,  294).  The  same  acid  is  obtained,  together  with  glucose  or 
its  products  of  decomposition,  on  heating  a-chlorhelicin  with  dilute 
addsy  or  alkalis^  or  by  treating  it  with  emulsin  : 

0»C1H«0"  +  2HO  «  Ci<Cm»0«  +  C«H>20". 

Crystallised  a-chlorhelicin  contains  3  p.c.  watery  which  goes  off 
when  the  crystals  are  heated,  the  quantity  evolved  being  rather  more 
than  1  at.  (calc.  2-76  p.  c.  HO),  probably  because  a  small  quantity  of 
gelatinous  a-chlorhehcin  is  likewise  present  (Piria). 

Nearly  insoluble  in  cold,  easily  soluble  in  hot  water  and  alcohol. 

p-ChlorheUcin,  When  chlorine  gas  is  passed  through  an  alcoholic 
solution  of  hehcin,  the  liquid  becomes  hot,  and  deposits  a  white  starch- 
like powder,  an  additional  quantity  of  which  is  obtained  on  cooling. 
This  powder  contains,  on  the  average,  48-75  p.  c.  C,  5-04  H., 
11-46  CL,  and  34-16  0.,  like  a-chlorhelicin ;  but  it  is  insoluble  in  water, 
nearly  insoluble  in  boiling  alcohol,  and  when  treated  with  acids,  alkaUs, 
or  emulsin,  yields  neither  sugar  nor  chlorosalicylous  acid. 


Bichlorosalicin. 

Caeci»ir*0"  =  C**C1«H«0*,C"H?W^ 
PmiA.    Ann.  Pharm.  56,  55. 

Prq)aration.  Pulverised  chlorosalicin  is  suspended  in  water, 
and  chlorine  is  passed  through  it, — or  chlorine  gas  is  made  to 
act  for  a  considerable  time  on  salicin  (suspended  in  water).  The  pro- 
duct is  purified  by  washing  with  ether,  and  recrystallisation  from  boil- 
ing water. 

By  drying  at  100°  the  crystals  are  converted  into  anhydrous 
bichlorosalicin,  which,  at  a  stronger  heat,  melts  to  a  transparent  mass, 
solidifying  in  the  vitreous  form  on  cooling.  Inodorous.  Tastes  rather 
bitter.     Neutral. 
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Decompoeitions,  1.  Bichlorosalicin,  when  strongly  hiaated,  gives  off 
inflammable  vapours  and  leaves  charcoaL  By  dry  distillation  a  heavy 
oil  is  obtained)  together  with  an  acid  liquid,  which  yields  chloro- 
salicylous  acid  whea  treated  with  ether.  The  chlorosalicylous  acid 
results  from  the  decomposition  of  bichlorosaligenin :  C^*C1'H'0*  = 
C**01H:»0*  +  HOI  (Piria).  —  2.  When  \Morine  gas  is  passed  through 
bichlorosalicin  suspended  in  water;  the  bichlorosalicin  dissolves  on 
applying  heat  to  the  liquid,  and  afterwards  a  red  resin  is  precipitated. 
The  latter  is  also  produced,  together  with  glucose,  on  heating  bichloro- 
salicin with  dilute  acids,  and  appears  to  consist  of  bichlorosaliretin.  — 
3.  Bichlorosalicin  dissolves  without  colour  in  oil  of  vitriol.  —  4.  After 
being  left  for  some  time  in  contact  with  aqueous  emulsin,  it  forms 
glucose  and  bichlorosahgenin  (xii,  297),  which,  however,  is  produced 
only  so  long  as  the  liquid  is  capable  of  taking  it  up^  and  only  in  small 
quantity  on  account  of  its  sparing  solubility  : 

C»CPH"0"  +  2H0  =  C1K:1«H«0«  +  C«HaOB. 

Combinations,  With  Waier.  Crystallised  Bichlorosalicin,  Long, 
snow-white  needles,  having  a  silky  lustre :  they  give  off  at  100  , 
from  4-95  to  5*04  p.  c.  water  (2  at  =  4-84  HO). 

Rria. 
Cfry9taU,  meetn. 

26  C 156     41-82  41-65 

2  01 71     1903  18-95 

18  H 18     4-82  510 

ISO 128     34-33  34*30 

C»CPHM0"+2aq 373     100*00     lOO'OO 

Crystallised  bichlorosalicin  is  nearly  insoluble  in  cold,  sparingly 
soluble  in  boiling  water.  It  dissolves  more  easily  in  alkaline  water,  and 
is  precipitated  without  alteration  by  acids.  The  aqueous  solution  does 
not  act  on  metalUc  salts,  especially  not  on  sesquichloride  of  iron. 

Soluble  in  alcohol,  nearly  insoluble  in  ether. 


Perchlorosalicin. 

PiBlA.    N.  Ann.  Chan.  Phys.  14,  281 ;  Ann.  Pharm*  56,  58. 

Prq>aration.  When  chlorine  gas  is  passed  into  water  at  80%  in  which 
bichlorosalicin  is  suspended,  pieces  of  marble  bein^  also  introduced  to 
prevent  the  decomposing  action  of  the  hydrochlonc  add  produced  in 
the  reaction,  impure  perchlorosalicin  is  precipitated  in  the  form  of  a 
crystalline  powder.  This  product  is  washed  by  agitation  with  ether, 
and  recrystallised  from  hot  aqueous  alcohol. 

The  small  yellowish  needles,  which  might  perhaps  be  obtained 
coloiirless  by  repeated  crystallisation,  become  anhydrous  at  100°,  and 
melt  at  a  stronger  heat.    Inodorous.    Tastes  somewhat  bitter. 

_  • 

Decompositions,     Perchlorosalicin  decomposes  at  a  8tr|>ng  heat. — 
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With  dilute  acids  it  yields  a  resin,  probably  perclilorosaliretiii.  —  In 
contact  with  solutiou  of  eniulsin  under  water,  it  yields,  after  a  while,  a 
liquid  which  colours  ferric  salts  blue,  but  only  a  very  small  quantity  of 
perchlorosaligenin  is  set  free. 

• 

Combinations,  With  W(Uei\  —  Crystallised  Ferchlorosalicin  (see  above) 
heated  to  100°  in  a  current  of  air  gives  off  4*48  \u  c.  water 
(2  at.  »  4-43  p.  c.  HO). 


Piria. 

Ct-yslah. 

mean. 

26  C   

....  136-0 

....     tio*o7 

....     38-15 

3  CI  

....  105*5 

....     25-46 

....     26-00 

17  H  

....     170 

....       4-18 

....       4-36 

16  O  

....  128-0 

....     81-49 

....     31-49 

C«C1»H>»0"  +  2HO  406-5     ....  10000     ....  lOO'OO 

Nearly  insoluble  in  cold,  and  very  slightly  soluble  in  boiling  tvater ; 
more  soluble  in  weak  spirit. 


Compound  of  BichlorosaUcin  with  Ferchlorosalicin. 

C«C1«H«0'«  =  C«»CPTP*0",C«Cl'H*»Ow. 

Piria.     Ann,  Chim.  Phys,  69,  323  ;  N,  Ann,  Chim.  Phys,  14,  283. 

Piria  formerly  obtained  this  compound,  in  an  impure  state,  by  pass- 
ing chlorine  gas  for  a  long  time  into  water  containing  salicin  in 
suspension,  as  a  yellow,  pearly,  crystalline  mass;  he  now  regards 
it  as  a  mixture  of  bi-  and  per-chlorosalicin. 

Piria. 
mean. 

52  0  3120  41-01  4208 

5  CI 177-5  23-84  22-97 

31  H  31-0  4-16  4-31 

28  O 224-0 30-09  3064 


C»»C1»H»'0»  744-5  100-00  100-00 

Oallo-tannic  or  Tannic  Acid. 

C«H"0»*  =  3C"HW,C"H»W^ 

Deveux.     J,  Phys,  42,  401. 

Seguin.     J.  desArU  et  Manuf.  2,  66,  and  3,  71 ;  Ann,  Chim,  20,  15. 
Bartholdi.     Schio,  J,  8,  294. 
Vauquelin.    Ann,  Chim,  46,321. 
Karstex.     Schw,  J,  7,  472. 
Cadet.    Ann.  Chim,  4,  405 ;  .V.  Tr.  3,  1,  480. 
TL.  Davy.    A.  Oehl.  4,  343. 
Serturner.    Schw,  4,  410. 

Berzelius.     Ann,  Chim,  94,  318,  —  Scher,  Ann,  1,  421 ;  Pogg,  10,  257. 
Lehrhuch,  3  Aufl.  6,  218. 
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GiESE.     Scher,  Ann.  1,  459. 

A.  VoGEL.     Taschmb,  1820,  74. 

C.  G.  Gmelin.     Taschenb.  1820,  100. 

Pelubtier  &  Oayentou.     Ann,  Chim.  Phys.  15,  337. 

Pfaff.    Schw.  52,  324. 

Geigeb.     Mag.  Pharm.  25,  1,  99 ;  25,  3,  91. 

Pelouze.  J.  Chim.   med.   JO,   257 ;    Pogg.   38,   29 ;    Ann.  Clum.  Phyi. 

54,  337;  Ann.  Pharm.  10,  145;  J.  pr.  Chem.  2,  301.  —  Ann.Ph(fr^. 

10,  210;  J.  pr.  Chem.  2,  320.  — ^«n,  Chim.  Phys.  56,  803. 
BiJCHNER.    Itepert.  46,  316. 
LiEBiG.     Ann.  Pharm.  10,  172;   J.  pr.  Chem.  2,  321.  —  Ann.  Pharm. 

26,  128,  and  162.— 89,  97. 
GuiBOURT.     Meo.  acient.  18,  32  ;  abstr.  Ann.  Pharm.  48,  359. 
RoBiQUET.     Ann.  Chim.  Phys.  64,  885;  J.  Chim.  mid.  13,  209;  Awn. 

Pharm.  25,  151 ;  J.pr.  Chem.  11,481. 
Wackenboder.    J^.  Br.  Arch.  27,  217  and  28,  38. 
Stbnhousb.    Phil.  Mag.  J.  22,  417 ;  abstr.  Ann.  Pharm.  45,  I.  — Phil. 

Mag.  J.  23,  331.  — Proc.  Bay.  Soc.  11,  401. 
Ph.  BiJGHNER.     Ann.  Pharm.  53,  357. 

WrrrsTEm.    i?e/>er/.  95,  289,  and  96,  215.  — PAoitw.  Vierteljahr.  2,  72. 
Wethebxll.    N.  J.  Pharm.  12,  107 ;  J.  pr.  Chem.  42,  247 ;    abstr. 

Pharm.  Centr.  1847,  749. 
Mulder.     Scheik.  Onderz.  4,  639  ;  abstr.  J.  pr.  Chen%.  48,  90. 
Strecker.     Ann.  Pharm.  81,  248 ;  Chem.  Soc.  Qu.  J.  5,  102 ;   abstr. 

Pharm.  Centr.  1852,  427. — Ann.  Pharm.  90,  328 ;  abstr.  J.  pr.  Chem. 

62,  434 ;  Pharm.  Ceivtr.  1854,  753 ;  N.  Ann.  Chim.  Phys.  42,  231 ; 

Phil  Mag.  [4],  8,  157. 
A.  &  W.  Knop.     J.  pr.  Chem.  56,  327 ;  Pharm.  Centr.  1852,  417 ;  abstr. 

Ann.  Pharm.  84,  283. 
E.  RoBiQUET.     N.  J.  Pharm.  23,  241;   abstr.  Compt   rend.  35,  19; 

J.  pr.  Chem.  57,  127.— A^.  J.  Pharm.  26,  29 ;  J.  pr.  Chem.  62,  419. 
W.  Knop.    Pharm.  Centr.  1854,  855 ;  1855,  657  and  737 ;  1856,  513 ; 

1857,370;  1860,278. 
RocHLEDSR  &  Eawalier.     Wicn.  Akad.  Ber.  29,  28  ;  30,  159  ;  J.  pr. 

Chem.  74,  28  and  399 ;    Chem.  CetUr.  1858,  579  ;    Chem.  Gaz.  1858, 

421. 

Tannin,  Tanning  principle^  Gerbstoffy  Gerbende$  Prineip,  Lohuif^,  Eiehengerh- 
<&ure  (Berzelios).  —  Recognised  as  a  distinct  substance  by  Deveux;  more  exactly  by 
Segnin ;  first  prepared  pure  or  nearly  pure  by  Berzelius ;  shown  to  be  a  glacoside 
(p.  341)  by  Strecker. 

Sources.  In  Turkish  gall-nuts  {Ilandb.  viii,  Phytochem.  77),  in  or- 
dinaiy  oak-apples  and  Chinese  gall-nuts  [excrescences  formed  on  the 
branches  of  Elim  semialata  or  B.  Chinensis.  (Schenk,  N.  Bq>ert.  5,  26 
and  346.)] 

Many  other  plants  and  parts  of  plants  contain  substances,  mostij 
amorphous,  which  have  a  slight  acid  reaction,  and  a  rough,  but  not 
sour  taste,  precipitate  gelatin  and  albumin  from  tlieir  solntions,  and 
unite  with  animal  membrane  into  a  mass  which  resists  putref^tioo, 
namely,  leather,  the  skin  then  becoming  tanned.  *  AU  these  substimces, 
the  tannic  acids,  were  at  first  supposed  to  be  identical  with  gallo-tannic 
acid,  or  to  differ  from  it  only  in  consequence  of  the  adinixture  of 
foreign  matters.  In  the  third  edition  of  this  Handbook,  a  distincti<m 
was  made  between  tannin  which  gave  a  blue,  and  tannin  which  gare 
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a  green  colour  with  ferric  salts  (see  below) ;  but  this  distinction  has  lost 
its  value  since  the  discovery  of  a  number  of  distinct  tannic  acids 
existing  in  nature.  The  more  exactly  investigated  bodies  of  this 
group  will  be  separately  treated  in  an  Appendix  to  OaHo-tannic  acidj  their 
formulae  not  being  sufficiently  well  established  to  enable  us  to  assume 
their  exact  places  in  the  general  system.  Moreover,  the  researches 
hitherto  published  do  not  enable  us  to  determine  with  certainty,  which 
of  these  acids  may  correspond  tp  gallic  or  to  ellagic  acid  (that  is  to 
say  to  the  products  of  decomposition  of  gallo-tannic  acid).  (Kr.) 

On  the  validity  of  the  distinction  between  iron-blueing  and  iron- 
greming  tannin,  several  views  have  been  put  forward,  in  which,  how- 
ever, these  denominations  have  been  imderstood  as  applying  to  two 
groups  of  bodies.  If,  according  to  Oeiger,  water  containing  a  small 
quantity  of  alkali  be  gradually  added  to  a  ferric  salt  which  has  been 
turned  green  by  any  kind  of  iron-greening  tannin,  the  green  colour 
changes  to  violet-black,  the  tint  usually  produced  by  iron-blueing 
tannin.  On  adding  an  acid,  the  green  colour  is  restored.  —  According 
to  this  result,  the  difference  between  the  two  groups  might  be  that 
the  iron-blueing  tannin  is  less  rich  in  free  acid ;  nevertheless,  it  reddens 
litmus  more  strongly  than  the  other  kind  of  tannin.  It  appears  to 
contain  [  ?  to  be  capable  of  yielding]  a  larger  proportion  of  gallic 
acid ;  but  iron-blueing  tannin  is  not  converted  into  the  iron-greening 
kind  by  addition  of  gallic  acid.  (Omelin.^  —  The  blue  or  green  reaction 
is  by  no  means  an  infallible  chai*acteristie  of  the  species  of  tannic  acid, 
since  bases  colour  the  ferric  compounds  of  tannic  acid  blue,  and  acids 
change  the  blue  to  green.  With  ferric  acetate,  the  iron-greening  acids 
form  a  blue  compound ;  the  green  compound  which  they  form  with 
other  ferric  salts,  is  turned  blue  by  addition  of  a  sufficient  quantity  of 
acetate  of  lead,  either  neutral  or  basic,  and  even  by  a  large  quantity 
of  gelatin.  A  compound  of  iron-greening  tannic  acid  with  lead-oxide, 
is  turned  blue  by  ferric  sulphate;  an  iron-greening  tannic  acid  is 
turned  blue  by  continued  exposure  to  the  air,  in  contact  with  water 
and  iron-turnings.  (Cavallius,  Berz,  Jahresb.  1841,  274.)  But  the 
colours  thus  obtained  with  iron-greening  tannic  acids  are  very  different 
from  those  produced  by  the  iton-blueing  acids,  and  the  two  cannot  be 
converted  one  into  the  other.  Thus,  catechu-tannic  acid  (obtained  by 
exhausting  catechu  with  a  small  quantity  of  water :  see  below)  left  in 
contact  for  a  few  days  with  iron  filings,  assumes  a  dirty  greyish,  not 
a  black-blue  colour,  and  the  precipitate  does  not  turn  green  when 
treated  with  a  Rmall  quantity  of  acetic  acid,  but  dissolves  on  the  addi- 
tion of  a  larger  quantity,  and  is  precipitated  purple-grey  oir  addition 
of  ammonia.  The  iron-greening  tannic  acids  of  catechu,  kino,  alder, 
larch,  and  birch-bark,  and  of  tormentiUa-root,  are  likewise  incapable 
of  yielding  a  good  mk.  The  extracts  of  iron-greening  parts  of  plants 
do  not  yield  pyrogallic  acid  by  dry  distillation,  unless  they  contain 
gallic  acid  ready  formed.  (Stenhouse.)  This  also  shows  the  incorrect- 
ness of  the  view  advanced  by  Hennig  (N,  Br.  Arch,  73,  160),  who 
regards  the  two  groups  as  not  essentially  different  from  gallotannin, 
and  as  identical  therewith  when  pure. 

All  iron-greening  tannic  acids  (as  those  from  kino,  tormentilla  and 
bistorta  roots)  yield  pyrocatechin  (xi,  379)  by  dry  distillation,  whereas 
the  iron-blueing  acids  yield  pyrogaJhc  acid  (xi,  398).  Many  plants  con- 
tain both  iron-blueing  and  iron-greening  tannin ;  and  these  yield,  by 
fractional  precipitation  with  sugar  of  lead,  first  iron-blueing  and  af ter- 
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wards  iron-greening  precipitates.  This  is  the  case  with  tormentOla 
and  bistorta  roots,  both  of  which  yield  at  first  an  aqueous  e3ctract, 
which  turns  ferric  salts  blue,  but  after  incomplete  precipitation  with 
sugar  of  lead,  turns  them  green  (Eissfeldt,  Ann.  Pharm.  92, 109 ;  Ulotli, 
Ann.  Pharm.  Ill,  215). 

Tannic  acids  occur  especially  in  perennial  plants,  but  are  likewise 
found  in  annuals  and  biennials  (WalUenberg).  Pettenkofer  {N.  Beperi^ 
3,  74;,  found  tannic  acid  in  Solanum  tuberosum  and  PotentiUa  tormentSla, 
which  are  perennial,  but  not  in  the  annual  species,  Solanum  taberomm 
[/  s.  Dulcamara  or  s.  nigrum]  and  PotentiUa  anserma.  —  Tannic  adds 
are  found  in  the  perennial  roots  of  annual  species,  in  the  bark  of  most 
tree-stems,  and  ui  the  young  branches  of  shrubs  and  woody  plants. 
The  white  inner  part  of  the  b^rk,  lying  next  to  the  albumtim,  contabiB 
the  purest  tannic  acid,  whilst  the  middle  portion  oontaina  more 
extractive  matter,  and  the  outer  bark  is  ^nerally  destitute  of  both; 
young  barks  contain  more  tannic  acid  than  older  barks,  in  whidi, 
indeed,  they  are  for  the  most  part  converted  into  brown  extractive 
matters  (Davy).  Tannic  acids  are  also  found  in  the  husks  of  fruits  and 
seeds,  and  in  unripe  fruits,  less  f reauently  in  the  leaves,  and  least  of  all 
in  the  petals.  According  to  Wahlenberg,  they  are  never  found  in  the 
interior  of  the  seed,  or  in  poisonous  plants,  or  in  such  as  contam 
caoutchouc  or  milky  juice. 

Iron-hlneing  tannic  acids  are  found  in  the  leaves,  bark,  &c.,  of  the  oak, 
poplar,  birch,  hazel-nut,  and  other  trees ;  the  leaves  of  ArhUus  Uva  um 
and  Arbutus  Unedo^  Lythrum  salicaria,  the  stalks  of  Eibes  rubrum^  the  baik 
of  Comus  masculay  and  many  other  plants  and  vegetable  organs.  —  Iron' 
greening  tannic  acids  occur  in  catechu,  cinchona-barks,  pines  and  firs,  in 
the  root  of  Crameria  triandra^  Rheum  Ehaponticum^  tormentil, — ^in  the 
bark  of  Salix  trianda  and  S.  undulata^  of  Alnus  glutinosa,  Pinus  Larix  and 
Rhkophora  Man^le^  the  common  black  mangrove  (Stenhouse),  and  many 
other  plants. 

The  tannic  acid  of  the  Sumach  is  identical  with,  or  very  similar  to, 
gallo-tannic  acid.  It  yields  pyrogallic  acid  by  dry  distillation,  and  gallic 
add  when  decomposed  by  sulphuric  add.  (Stenhouse.) — Black  tea 
contains  a  small  quantity  of  boheic  acid  (xii,  478),  and  a  very  large 
quantity  of  gallo-tannic  acid.  The  aqueous  infusion  predpitated  with 
sugar  of  lead  yields  a  salt,  the  organic  substance  of  which  contains 
50*4  p.  c.  C,  4'2  H.,  and  45*4  0.,  agreeing  therefore  in  composition 
with  gallotannate  of  lead.  When  boiling  aqueous  sugar  of  lead  is 
added  in  excess,  a  precipitate  is  formed  containing  64*49  p.  c.  lead- 
oxide  (Rochleder,  Ann.  Pharm.  63,  202).  The  aqueous  extract,  dther 
of  black  or  of  green  tea,  yields,  by  dry  distillation,  pyrogallic  acid, 
proceeding  from  the  gallic  add  contained  in  the  tea.  From  the  infusion 
of  the  tea,  i  vol.  oil  of  vitriol  throws  down  a  dark  brown  precipitate, 
which  dissolves  iu  water  much  more  easily  than  that  from  gallo-tannic 
acid,  and  does  not  yield  any  pyrogallic  acid  by  dry  distillation.  When 
boiled  with  dilute  sulphuric  acid,  it  does  not  yield  any  gallic  acid,  but  a 
brown  substance  sparingly  soluble  in  water,  and  is  therefore  altogether 
different  from  gallo-tannin  (Stenhouse).  On  the  tannic  add  of  tea,  see  aim 
Mulder  (Poffg,  43,  635.)—  The  tannic  acids  of  kino  and  of  tormentil  root, 
agree  when  pure  with  gallo-tannic  acid ;  in  the  impure  state,  they  pre- 
cipitate ferric  chloride  green  or  grey ;  in  the  pure  state,  blue-black 
(Hcnnig):  see  Kinotannie  acid.  —  The  tannic  add  of  oak'bark  is  regarded 
by  Berzcliiifl  {LeJtrbuch,  3  Aufl,  6,  213),  as  identical  with  gallotannic 
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add.  According  to  Stenbouse,  it  yields  neither  gallic  nor  pyroffailic 
acid ;  the  precipitate  produced  by  boiling  with  dilute  sulphuric  acid  is 
red-brown  and  nearly  insoluble  in  water. 

Mirabelles,  Valonia,  Dividivi,  the  fruit  of  Anacardium  UmgifoUum^  bis- 
torta-root,  pomegranate-bark,  and  the  bark  of  the  birch,  hazel-nut  and 
larch,  contain  tannic  acids  different  from  gallo-tannic  acid  (Stenhouse). 

Turkish  gall-nuts  contain  65  p.  c.  tannic  acid  (Guibourt),  72  p.  c. 
(Mohr),  56  to  60  (Biichner),  Chinese  gall-nuts  contain  69  p.  c.  (Bley, 
Stein)  ;  Bassorah  gall-nuts,  26  p.  c.  (Bley,  N,  Br.  Arch.  75,  138). 

Preparation.  1.  A  displacement  apparatus  is  half  filled  with  finely 
pulverised  gall-nuts,  and  commercial  ether  containing  water  and 
alcohol  is  poured  in.  The  liquid  which  runs  away  separates  into 
two  layers,  the  lower  of  which  is  a  heavy,  syrupy,  amber-coloured 
solution  of  tannic  acid,  water  and  ether,  while  the  upper  is  mobile, 
consisting  of  ether,  water,  gallic  acid,  and  a  small  quantity  of  tannic 
acid.  Ether  is  poured  into  the  apparatus  as  long  as  the  lower  stratum 
continues  to  increase ;  the  upper  layer  is  then  removed ;  and  the  lower 
is  repeatedly  washed  with  ether,  and  dried  in  vacuo,  or  by  heat.  Gall- 
nuts  thus  treated  yield  from  35  to  40  p.  c.  tannic  acid  (Pelouze).  A 
better  mode  of  proceeding  is  to  stir  powdered  gall-nuts  to  a  paste  with 
commercial  ether,  leave  it  to  macerate,  press  through  linen,  and 
exhaust  the  galls  by  repeated  treatment :  the  product  thus  obtained 
amounts  to  60  per  cent.  (Lecannot,  J.  Pharm.  22,  149  ;  Ann.  Pharm. 
18,  179.  —  Domine,  iV.  J.  Pharm.  5,  231).  The  latter  uses  commercial 
ether  of  56°  Baume,  and  leaves  the  gall-nut  powder  previously  for 
4  days  in  a  cellar,  so  that  it  may  absorb  moisture,  before  submittm^  it 
to  the  action  of  the  ether.  The  tannic  acid  thus  obtained  is  somewhat 
less  pure  than  that  which  is  prepared  by  displacement  (B6ral,  Mohr). 

2.  100  pts.  powdered  gaU-nuts  are  treated  iu  the  displacement 
apparatus  with  a  mixture  of  300  pts.  ether,  15  pts.  alcohol  of  90  p.  c, 
and  5  pts.  water  (or  20  pts.  alcohol  of  69  p.  c.) ;  the  residue,  after  the 
hquid  has  run  off,  is  twice  treated  with  the  same  mixture,  three 
times  with  pure  ether ;  and  the  whole  of  the  extracts  are  shaken ' 
up  together,  and  left  to  settle  for  a  week.  The  upper  of  the  two  layers 
thus  formed  is  decanted  from  the  syrup  below ;  the  latter  is  evaporated 
over  the  water-bath ;  and  thfe  residue  is  dried  between  100°  and  110°. 

The  decanted  ether  deposits  aa  additional  quantity  of  syrup,  if  a  third  of  it  is  subjected 
to  distillation  and  the  residue  thereby  obtained  is  mixed  with  the  remaining  two-thirds, 

or  if  a  little  water  is  added.  To  free  the  tannic  acid  thus  obtained  (or 
according  to  1)  from  admixed  gallic  acid,  ellagic  acid,  volatile  oil,  and 
chlorophyll,  100  pts.  of  it  are  shaken  up  with  100  pts.  water  and  200 
pts.  ether,  whereby  three  layers  are  formed,  the  upper  consisting  of 
ether,  the  middle  of  aqueous  galUc  acid  and  impure  tannic  acid,  while 
the  lowest,  which  is  syrupy  and  amounts  to  215  pts.,  leaves,  on 
evaporation,  90  pts.  of  pure  tannic  acid  (Guibourt).  —  Beral,  ( J^  Chim. 
mtfd.  75,  225)  adds  to  8  pts.  gall-nut  powder  the  half  of  a  mixture  of 
12  pts.  ether,  3  pts.  alcohol  of  85  p.  c.  and  1  pt.  water;  places  the  mix- 
ture in  a  funnel  provided  with  a  stop-cock;  pours  the  rest  of  the 
liquid  on  it ;  leaves  it  to  draui  away  for  6  hours ;  displaces  the  solution 
still  remaining  in  the  funnel  by  pouring  in  4  or  5  pts.  of  water ;  and 
evaporates  the  filtered  liquid.  The  same  process  is  adopted  by  Brandes 
{y.  Br.  Arch.  21,  329).  — Mohi*  employs  for  the  extraction  a  mixture  of 
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equal  volumes  of  ether  and  alcohol  of  90  p.  c.  The  filtrate  is  synipj, 
but  thinner  than  that  obtained  by  1,  and  forms  only  one  layer,  exhibits 
but  little  turbidity  on  the  addition  of  a  large  quantity  of  ether,  and  if 
7  fluid  ounces  of  ether  are  used  to  2  oz,  of  galls,  yields  a  quantity 
of  tannic  acid  amounting  to  72  per  cent,  of  the  galls.  If  a  mixture  of 
4  vols,  ether  and  1  vol.  alcohol  of  90  p.  c.  is  used,  the  extract  has  the 
same  constitution  (Mohr,  Sandrock).  —  With  Chinese  galls,  hydratod 
ether  acts  better  than  ether-alcohol  (E.  Riegel,  N.  Jahrh,  Pharm, 
3,  252). 

3.  Four  parts  of  gall-nut  powder  covered  with  8  pts.  water,  are 
left  to  stand  for  two  hours ;  the  liquid  is  filtered ;  the  filtrate,  amount- 
ing to  about  4  pts.,  is  mixed  with  2  pts.  ether  and  poured  into  a  tap- 
funnel  ;  and  the  syrupy  layer  thus  formed  (containmg  40  pts.  tannic 
acid  to  7  pts.  wat^r.  and  53  pts.  ether),  is  separated  from  the  upper 
liquid ;  which  latter,  if  again  agitated  with  etner,  yields  an  additional 
quantity  of  syrup.  By  this  process,  ^  ^^  ^^^  tannic  acid  contained  in 
the  decoction  is  obtained  (Beral). 

4.  Aqueous  extract  of  gall-nuts  is  exhausted  with  ether,  which 
takes  up  the  gallic  acid  together  with  part  of  the  tannic  acid ;  the  solu- 
tion is  then  evaporated ;  and  the  admixed  crystals  of  gallic  acid  are 
dissolved  out  of  the  residue  by  small  quantities  of  ether  (Berzelius). 

6.  Gall-nut  powder  is  exhausted  with  a  moderate  quantity  of  hot 
water,  strained  through  linen  and  pressed  ;  the  turbid  infusion  is  stirred 
up  with  a  small  quantity  of  dilute  sulphuric  acid,  which  precipitates 
the  matters  causing  the  turbidity,  so  that  at  last  the  liquid  goes  clear 
and  easily  through  the  filter  ;  and  oil  of  vitriol  is  added  to  the  filtrate 
as  long  as  the  precipitated  white  flocks  are  thereby  made  to  unite,  in 
the  course  of  an  hour,  into  a  brownish  pitchy  mass,  which,  in  addition 
to  tannic  and  sulphuric  acids,  contains  oxidised  extractive  mdtter,  and 
pel  haps  also  other  substances.  The  liquid  decanted  therefrom  is 
Aiixed  with  oil  of  vitriol,  as  long  as  a  precipitate  is  thereby  formed ; 
the  white  or  yellowish  flocks  are  thrown  upon  a  filter,  washed  with 
water  containing  a  sufficient  quantity  of  sulphuric  acid  to  prevent  it 
from  exeiUng  a  solvent  action, — pressed  between  bibulous  paper  as 
long  as  they  render  the  paper  moist,  and  then  dissolved  in  cold  water ; 
the  solution  is  mixed  with  finely  pulveriflfed  carbonate  of  lead  as  long 
as  effervescence  ensues,  and  placed  in  contact  with  a  small  quantity  of 
carbonate  of  lead  till  it  no  longer  precipitates  chloride  of  barium ;  and 
the  filtered  liquid  is  immediately  evaporated  in  vacuo.  The  solution 
in  boiling  water  of  the  pitchy  precipitate  obtained  with  sulphuric  acid, 
deposits,  on  cooling,  a  similar,  but  still  more  impure,  pitchy  substance; 
whilst  purer  tannic  acid  remains  in  solution,  which,  however,  cannot 
be  obtained  quite  pure  by  treatment  with  carbonate  of  lead,  &c. 
(Berzelius).  —  Rochleder  &  Kawalier  emplov  hydrochloric  instead  of 
sulphuric  acid,  the  former,  according  to  Stenhouse,  precipitating  tannic 
acid  more  completely  from  its  aqueous  solution. 

6.  The  infusion  clarified  with  a  very  small  quantity  of  sulpbuiic 
acid  and  filtered,  as  in  method  5,  is  mixed  with  aqueous  carbonate 
of  potash  or  carbonate  of  ammonia,  as  long  as  anything  is  therebv 
precipitated  (If  too  much  alkali  is  present,  the  precipitate  ro-dis- 
solves);    the   white   precipitate,   containing   tannate    of   potash    or 
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ammonia,  is  washed  on  the  filter  with  the  smalleBt  possible  quantity 
of  cold  water,  then  dissolved  in  boiling  dilute  acetic  acid,  and  the  solu- 
tion is  left  to  cool,  foreign  matters  then  separating  out.  The  liquid 
separated  therefrom  is  precipitated  by  basic  acetate  of  lead ;  the  washed 
and  still  moist  precipitate  is  suspended  in  water  and  decomposed  by 
hydrosulphuric  acid ;  the  hquid  is  filtered ;]  and  the  hmpid  filtrate  is 
immediately  evaporated  in  vacuo  over  carbonate  of  potash  (Berzelius). 
—  7.  Gall-nut  powder  is  exhausted  with  cold  water;  the  filtrate  is 
nearly  neutralised  with  ammonia,  so  that  it  retains  bnt  a  slight  power 
of  reddening  litmus — then  precipitated  by  chloride  of  barium ;  the  tan- 
nate  of  barinm  is  left  to  settle  down  in  a  bottle  fiUed  with  the  hquid ; 
tie  solution  is  decanted ;  the  precipitate  washed  on  a  filter  with  cold 
water,  whereby  it  is  turned  green  and  partially  dissolved, — then  dis- 
solved in  acetic  acid ;  the  hquid  is  filtered  and  precipitated  by  basic 
acetate  of  lead ;  and  the  precipitated  tannate  of  lead  is  decomposed  by 
hydrosulphuric  acid,  as  in  6.    (Berzelius.) 

The  older  methods  of  Tliomson,  Grotthus  {Sckw.  13,  132),  Proust 
(Scher.  J,  2,  252 ;  10,  91),  Bouillon-Lagrangc,  Merat-Guillot  {Scher.  J. 
10,  87),  TrommsdorfF  (^.  GehL  3,  111.  — iV.  TV.  2,  1,  Bi.  —  Taachenb. 
1820,  43),  Schrader  {N.  Gehl,  8,  609),  Loper  (iV.  Tr.  5, 1, 889),  Meissner 
(BerL  Jahrh.  29,  2,  61,  and  91),  yield  impure  tannic  add  or  sometimes 
none  at  all.  —  To  obtain  tannic  acid  from  vegetable  substances  con- 
taining too  great  a  proportion  of  foreign  matters  to  admit  of  dkcct 
extraction  with  ether,  thd  aqueous  extract  is  precipitated  with  acetate 
of  quinine,  cinchonine,  or  some  other  vegetable  alkaU ;  the  washed  pre- 
cipitate is  dissolved  in  alcohol ;  the  tannic  acid  is  precipitated  with 
neutral  acetate  of  lead ;  the  precipitate  decomposed  by  hydrosulphuric 
acid ;  the  filtrate  evaporated  to  diyness  in  vacuo  \  the  residue  dissolved 
in  ether-alcohol ;  and  the  solution  again  evaporated  {Gerhardt,  Traitcy 
8,  849). 

Purification.  By  solution  in  ether  of  sp.  gr.  0*72,  which  leaves  un- 
dissolved the  greater  part  of  the  yellowish  brown  tannic  acid  rendered 
fluid  by  the  water  in  the  ether  (Berzelius).  The  ethereal  solution  of 
tannic  acid  (prepared  by  1)  is  mixed  with  such  a  quantity  of  water  as 
to  form  three  layers,  the  lowest  of  which  is  syrupy  and  may  be 
separated  by  a  tap-funnel,  this  hquid  is  then  mixed  with  water,  and 
wanned  till  the  ether  or  alcohol  is  completely  expelled,  then  evaporated 
in  vacuo  over  oil  of  vitriol,  and  the  residue  is  dried  between  i20°  and 
ISO''  (Strecker).  From  impure  tannic  acid,  anhydrous  ether  extracts 
gallic  acid,  fat  and  resin,  and  likewise  ellagic  acid  if  it  has  been  pre- 
pared with  ether-alcohol.  Of  the  three  layers  formed  by  agitation 
with  ether  and  water,  the  middle  one  contains  these  impurities  dis- 
solved in  ether  (Luboldt). 

Tannic  acid  prepared  and  pm'ified  by  method  1,  cannot  be  further 
resolved  into  dinerent  substances  by  repeatedly  treating  its  ethereal 
solution  with  water,  but  exhibits  the  same  composition  before  and 
after  this  treatment  (Strecker).  Kochlcder  &  Kawaher,  on  the  other 
hand,  regard  the  tannic  acid  obtained  from  gall-nuts  by  exhaustion 
with  ether  and  water,  as  a  mixture  still  containing  gaUic  and  ellagic 
acids ; — this  conclusion  they  deduce  from  the  followmg  experiments : — 

Turkish  gall-nuts  exhausted  with  ether  and  water  in  the  displace- 
ment apparatus  yield  a  solution  which  separates  into  three  layers, 
the  uppermost  a  being  yellowish  and  mobile,  and  containing  a  large 
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quantity  of  gallic  acid;    the  lowest  /3  having  a  brown  colonr   and 
depositing  a  large  quantity  of  ellagic  acid,  when  left  for  some  time  out 
of  contact  with  air,  or  when  treated  with  adds ;  and  the  middle  7 
being  brownish  yellow  and  syrupy.      This  middle  layer  separated, 
washed  with  ether,   mixed  with  water,  wanned  till  the   ether   is 
evaporated,  and  then  precipitated  with  neutral  acetate  of  lead,  yields 
a  yellowish  white  precipitate ;  and,  on  treating  this  precipitate  a  with 
50  cc.  acetic  acid  and  200  cc.  water, — ^the  undissolved  portion  b  with 
100  cc.  acetic  acid  and  200  cc.  water, — and  in  like  manner  the  suc- 
cessive undissolved  portions,  c  with  150  oc.  acetic  acid  and  150  cc- 
water,  d  with  200  cc.  acetic  acid  and  100  cc.  water,  and  e  with  200  cc 
acetic  acid,  five  solutions  a,  h^  c^  d^  e  are  obtained,  together  with  a 
residue  yi    Each  of  these  solutions  is  precipitated  with  basic  acetate  of 
lead ;  and  the  precipitates,  after  washing  with  water,  are  decomposed 
by  hydrosulphuric  acid,  the  precipitate /being  also  treated  in  the  same 
manner.     On  filtering  the  solutions  from  Aie  sulj^ide  of  lead,  and 
evaporating  them,  first  in  a  stream  of  carbonic  acid,  afterwards  in 
vacuo,  a  leaves  nearly  pure  gallic  add ;  b  a  mixture  of  gallic  and  tan- 
nic acid ;    c  tannic  acid  with  traces  of  gallic  acid ; — ^while  d  and  e 
leave  a  transparent  vitreous  mass  which  gradually  becomes  opaque, 
[)erfectly  white,  and  very  friable ;  /  leaves  ellagic  and  tannic  acid. 
d,  dried  at  100°  in  vacuo,  contains  50*81  p.  c.  C,  3-86  H.,  and  45-33  O., 
and  when  boiled  with  hydrochloric  acid  in  a  stream  of  carbonic  acid, 
yields  1*38  p.  c.  ellagic  acid  and  4*38  p.  c.  sugar;  but  this  portion  of  d, 
if  twice  boiled  in  the  state  of  powder,  with  quantities  of  ether  not 
sufficient  to  dissolve  it  completely,  and,  after  the  removal  of  these 
somewhat  coloured  extracts,   dissolved    completely  in    ether,    and 
evaporated  in  vacuo  after  addition  of  water,  contains  51*72  p.  c  C, 
3*76  H.,  and  44*53  0.,  and  yields  with  hydrochloric  acid,  0*73  p.  c 
ellagic  acid  and  7*07  p.  c.  sugar.  —  e  behaves  externally  hke  d,  —  The 
tannic  acid  of  /,   when   separated  from  the  ellagic  acid,   contains 
52*21  p.  c.  C,  8.59  H.,  and  44'20  0.,  and  yields  with  hydrochloric  acid, 
7*27  p.  c.  ellagic  acid  and  4*96  p.  c.  sugar  (Rochleder  &  Kawalier). 

PuHficatmi  (zccordmg  to  Rochleder  &  Kawalier.  —  The  solution  of 
tannic  acid  in  the  smallest  possible  quantity  of  water  is  shaken  up 
with  a  small  quantity  of  solution  of  neutx^  acetate  of  lead;  the 
filtrate  is  mixed  with  water,  and  filtered  again  from  the  very  impure 
tannate  of  lead  thereby  precipitated ;  and  the  new  filtrate  is  precipitated 
by  neutral  acetate  of  lead  in  three  portions.  By  decomposing  the 
first  and  third  of  these  pi*ecipitates  with  hydrosulphuric  acid,  and 
expelling  the  excess  of  that  add  by  a  stream  of  carbonic  acid,  solu- 
tions are  obtained,  which,  when  boiled  with  hydrochloric  acid  out  of 
contact  with  the  air,  yield  a  large  portion  of  ellagic  acid.  If  the  tannic 
acid  solution  obtained  in  like  manner  from  the  middle  portion  be  pre- 
cipitated by  tartar-emetic,  with  addition  of  a  little  carbonate  of 
ammonia, — the  precipitate  washed  with  hot  water  and  decomposed 
under  water  with  hydrosulphuric  acid, — and  the  excess  of  that  acid 
expelled  by  passing  carbonic  acid  into  the  hot  Hquid,  the  filtrate,  when 
left  to  itself  in  vacuo,  becomes  turbid  and  deposits  a  brown  substance. 
The  solution  separated  from  this  substance  by  filtration,  and  evaporated 
in  vacuo,  leaves  colourless  amorphous  tannic  acid,  which,  when  boiled 
^vith  hydrochloric  acid,  no  longer  yields  ellagic  acid. 

Eistimation  of  Tannic  Add  in  Astringents,    ^^  The  aqueous  cxti'act  is 
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mixed  with  solution  of  gelatiu,  as  long  as  a  precipitate  is  thereby  pro- 
duced, the  quantity  of  tannic  acid  which  the  same  solution  of  gelatin 
(or  another  of  known  strength)  is  capable  of  precipitatmg,  having 
been  determined  by  a  previous  experiment.  (Wheeler,  Menu  Ckem,  Soc, 
3,  319;  Fehling,  Pharm.  Centr.  1853,  872  ;  Dingl  130, 53.  —  G.  Miiller, 
DiiigL  151,  69 ;  Chem.  Centr.  1859,  42.)  Muller  mixes  the  gelatin- 
solution  with  \  pt.  alum,  to  accelerate  the  clarification  of  the  liquid. 
—  To  obviate  the  necessity  of  filtering,  or  waiting  for  the  slow  depo- 
sition of  the  precipitate  towards  the  end  of  the  experunent,  Wheeler 
dips  into  the  solution  a  glass  tube  loosely  closed  at  the  bottom  with 
sponge,  and  tries  whether  the  gelatin-solution  which  enters  the  tube 
still  gives  a  doud  with  solution  of  gelatin.  —  2.  Stein  mixes  the 
aqueous  extract  with  a  known  volume  of  a  standard  solution  of  neutral 
acetate  of  lead,  dilutes  the  mixture  to  a  given  volume,  and  determines 
the  quantity  of  lead  remaining  in  a  measured  portion  of  the  filtrate. 
{Schweiz.  polyt.  Zeitschr.  2,  169.)  — 3.  Monier  {Compt  rend.  4c6,  677 ; 
Dingl.  148,  209)  mixes  the  aqueous  extract  with  solution  of  mineral 
chameeleon,  which  rapidly  decomposes  tannic  acid, — the  quantity  of 
tannic  acid  which  this  solution  is  capable  of  decomposing  having  been 
previously  determined.  —  4.  Hammer  (/.  pr.  Chem.  81,  159)  determines 
the  specific  gravity  of  the  solution  both  before  and  after  the  removal 
of  the  tannic  acid,  by  addition  of  about  a  four-fold  quantity  of  animal 
skin,  which  has  been  softened  in  water,  pressed  between  linen,  then 

washed,  dried,  and  pulverised.  See  Table  of  the  specific  gravity  of  aqueotis 
tonnic  acid  (p.  463).  — On  the  estimation  of  tannic  acid,  aee  also  P.  MUller  (Y.  Br. 
Arch.  38,  147),  L6wenthal  (/.  pr.  Chem.  81,  150) ;  Handtkc  (/.  pr.  Chem.  82.  345  ; 
Pharm.  Viertelj.- lOy  588;  ZeUschrift  far  anafyt.  Chemie,  1,  104);  H.  Sackur 
{Ueder  den  Gerbproeeee.    JHesertat.  Berlin,  1860). 

Properties.  Colourless,  amorphous  mass  remaining,  when  its  aqueous 
solution  is  evaporated,  in  transparent,  vitreous,  shining,  fissured,  easily 
friable  lumps.  Inodorous.  Tastes  strongly  astringent,  but  not  at  all 
bitter.  Reddens  litmus  strongly.  Does  not  soften  between  the 
fingers.  Acquires  a  yellow  colour  by  exposure  to  fight,  even  in  closed 
vessels.  —  No  optical  rotatory  power.  (Kr.) 

BeneUus.  Pelouze.  Liebig^. 

at  120°.  at  120'. 

64  C  324  ....  52-42  ....  5143  50*83  5160 

22  H   22     ....       3-56      ...       3-79     4-20     3*95 

34  O   272     ....     44-02     ....     4478     44-97     ^^'^^ 


C"H«0"....  618     ....  100-00    ....  100-00    100-00    10000 

Mulder.  WetherilL       Van  BUjert.        Strecker. 

at  100^  «'  120°. 

C    61-80    50-63    51-90     62-25 

H 3-75     3-64    3-75    3-71 

0 44-45     45-73     44-35     44-04 


100-00     10000     100-00     100-00 

The  analyses  are  given  in  mean  numbers.     For  Rochjeder  &  Kawali^'s  anidyi« 
see  page  456.     Earlier  formula:   C«H»0»«  (Pelouze);   OmH^^  i^'^^i 'f^S 
(WetheriU);  C»H»0O«  (Mulder).     Strecker  at  first  proposed  the  ^o"-";^.^^"  ,"  ' 
then  that  above  given,  deduced  from  many  accordant  analyses  and  from  the  products 
of  decomposition.     Rochleder  and  Knop  doubt  its  correctness. 
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Decompositions.  1.  Tannic  acid  heated  to  150°  or  160°,  becomes 
darker  from  incipient  decomposition  (Strecker) ;  at  215®  it  is  resolved 
into  water,  carbonic  acid,  and  pjrogallic  acid,  which  Tolatilise,  and 
mctagallic  acid,  which  remains.  At  250°,  only  metagallic  is  formed, 
without  pyrogallic  acid.  (Pelouze.)  The  decomposition  begins  at  180°  i 
at  250°,  6*5  p.  c.  acid  water  goes  over,  which  holds  the  pyrogallic  acid 
in  solution,  while  53 — 59  p.  c.  metagallic  acid  remains.  Pyrogallic  acid 
also  sublimes,  and  the  carbonic  acid  which  escapes  contains  a  small 
quantity  of  a  gas  not  absorbable  by  potash.  (Mulder.)  These  decom- 
positions are  represented  by  the  equations — 

C44H22034   «   4C»2H*0<   +    6008    +    6110, 

Metagallic 
acid. 

and  Cim«0"  «  8C»H«0«   +   C"H*0*  +  eCO^. 

PyrogaUic      Metagallic 
acid.  acid. 

The  two  decompositions  may  go  on  simultaneously.  (Strecker.) 

Metagallic  acid  (Mulder's  fnelanffollic,  Gerhardt's  paUulmie  add)  —  which  is  like- 
wise produced  by  rapidly  heating  gaUic  add  to  a  tempemtnre  taeCween  2^0**  and 
250**  (zii,  401) — remains  in  the  distiUation  Tesael  in  which  gallo-tannio  is  heated,  as  a 
black,  highly  lustrous,  tasteless  mass,  and  exhibits  the  same  composition  whether 
prepared  from  tannic  or  from  gaUic  acid,  or  after  solution  in  potash-ley  and  precipi- 
tation with  acidsi^-containing,  on  the  arerage,  66*15  p.  c.  C,  3*86  H.,  and  29*99  O., 
and  answering,  according  to  Pelouze,  to  the  formula  C^H^O^  (ealc.  66*66  C,  3*70  H., 
and  29*64  O.).     It  is  quite  insoluble  in  water ;  dissoWes  easily  and  without  reaidoe  in 
aqueous  ammonia,  potash,  and  soda,  also  in  glucina  (?),  and  is  precipitated  by  acids. 
When  aqueous  potash  is  boiled  to  saturation  with  precipitated  metagallic  acid,  the 
solution    is    neutral    to    Tegetable    colours.      The  acid    eliminates    carbonic    acid 
from  alkaline  carbonates,  bat    has   no  action    on    pore  baryta  or  its    carbonate. 
The  potash-salt  forms  black  precipitates  with  metallic  salts  ;   the  silver-salt  con- 
tains 53-88  p.  c.  AgO;  3411  C,  1*47  H.,  and  10*54  O.  (Pelouze).  — According 
to  Pelouze,  metagaUic  acid,  prepared  by  heating  tannic  or  gallic  acid,  is  apt   to 
retain  pyrogallic  or  gallic  acid.     ^When  freed  from  these  acids  by   heating  it  as 
long  as  it  yields  any  sublimate,  it  contains,  on  the  average,  66*75  p.  a  C,  3*60  H., 
and  39*65  O. ;  its  silver-salt  obtained  by  mizio'g  the  ammoniacal  solution  of  the  acid 
with  nitrate  of  silver,  and  precipitating  with  acetic  acid,  retains  ammonia  when  dried 
at  140°.  and  has  a  silvery  Instre.     By  digesting  the  excess  of  add  with  potash-ley  for 
several  hours,  evaporating  the  filtrate,  and  drying  at  130**,  the  potash-salt  is  produced 
containing  12*2  p.  c.  KO.,  58*5  C,  2*4  H..  and  267  O.     From  these  results,  Mulder 
represents  the  acid  and  the  potasb-salt  by  the  formulae  C^HiOQ^*  and  C^^H^OO^^KO. 

2.  Tannic  acid  heated  in  a  platinum  spoon,  decrepitates,  undergoes 
semifusion,  swells  up,  carbonises,  takes  fire,  and  bums  with  a  bright 
flame,  leaving  an  easily  combustible  cinder.  (Berzelius).  —  3.  Exposed 
on  a  watch-glass  to  strongly  ozonised  air,  it  acquires  a  yellow  or 
yellow-brown  colour,  becomes  glutinous  and  fluid,  strongly  acid,  from 
formation  of  oxalic  acid,  and  if  the  action  be  continued  long  enough, 
disappears  completely,  being  converted  into  water  and  car)x>nic  acid. 
(Schonbein,  J.  pr.  Chem.  81,  12).  —  4.  Aqueous  tannic  acid,  throug^h 
which  ozonised  air  is  passed,  absorbs  it  quickly  and  completely,  becomes 
dark  brown-red,  then  again  lighter,  and  forms  oxalic  acid  and  a  sub- 
stance which  reduces  cupric  oxide,  these  products  being  decomposed 
by  the  further  action  of  the  ozone,  so  that  the  Uquid  ultimately  leaves 
but  Uttle  residue  when  evaporated.  (Gorup-Besanez,  Ann.  Pharm. 
110,  106).  When  a  very  dilute  aqueous  solution  of  tannic  acid  is 
exposed  to  the  air^  it  becomes  turbid,  from  separation  of  grey  cryst^- 
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line  gallic  acid ;  oxygen  is  absorbed  at  the  same  time,  and  an  equal 
volume  of  carbonic  acid  ia  produced.  (Pelouze.)  Aqueous  tannic  acid, 
evaporated  with  aid  of  heat  in  open  vessels,  leaves  a  brown  noii- trans- 
lucent mass,  which,  when  treated  with  water,  leaves  a  dark-brown 
residue,  a  further  quantity  of  which  is  obtained  by  repeated  evaporation 
and  re-solution  (Berzelius),  This  residue  is  the  oxidised  tannic  acid 
of  the  older  chemists.  —  Peroxide  of  hydrogen  and  oxygenated  oil  of 
turpentine  do  not  produce  any  perceptible  alteration  in  tannic  acid. 
(Schonbein.) 

5.  Aqueous  tannic  acid  dissolves  finely  divided  iodine.  (Debauqiie, 
N.Br.  Arch.  68,  191;  Fharm.  Viertelj.  1,  278).  When  7  pts.  tannic 
acid  are  triturated  with  1  pt.  iodine  and  300  pts.  water,  a  turbid  liquid  is 
produced,  which  does  not  give  any  indication  of  the  presence  of  iodine 
when  tested  with  starch ;  it  deposits  black-brown  crystals  free  from 
iodine,  amounting  to  -J^th  of  the  tannic  acid  used,  and  resembling  tannic 
acid  in  their  behaviour  to  gelatin-solution  and  alkaloids.  The  iodated 
solution  is  red-brown,  strongly  acid ;  does  not  colour  the  skin ;  g^ves 
a  black  precipitate  with  solution  of  gelatin,  albumin  and  alkaloids.  It 
dissolves  a  quantity  of  iodine  equal  to  weight  to  the  tannic  acid 
employed.  On  mixing  it  with  lime,  tannic  acid  is  precipitated,  the 
whole  or  nearly  the  whole  of  the  iodine  remaining  in  solution  as  iodide 
of  calcium.  Sugar  of  lead  added  to  the  solution,  throws  down  iodide, 
and  then  tannate  of  lead.  The  solution  does  not  yield  either  iodine  or 
hydi'iodic  add  by  distillation,  and  when  evaporated,  gives  off  only  a 
small  quantity  of  iodine-vapour  as  the  mass  becomes  dry ;  neither  can 
iodine  be  detected  by  starch  in  the  residue  of  the  distillation.  (Socquet 
&  Guillermond.)  —  6.  Aqueous  iodic  acid  eliminates  from  tannic  acid, 
even  in  the  cold,  carbonic  acid  mixed  with  a  small  quantity  of  carbonic 
oxide.  (Millon,  Compt.  rend.  19,  272.)  lodate  of  potash  produces  a  dark, 
and  on  heating,  a  nearly  black  coloration ;  alcohol  does  not  produce  any 
precipitate  in  the  mixture.  (Simon,  Repat.  G5,  205.)  —  7.  Bromine  acts 
violently  on  taimate  of  potasli,  and  forms  a  brown  resin.  (Cahours, 
N.  Ann.  Chim.  Phys.  19,  507.)  —  8.  By  small  quantities  of  chlorine^ 
aqueous  tannic  acid  is  clouded,  coloured  brown,  and  altered  as  by 
evaporation  in  contact  with  the  air;  a  larger  quantity  of  chlorine 
decomposes  it  completely  (Berzelius).  —  Chlorate  of  potash  scarcely 
exerts  any  action  upon  it  (Simon). 

9.  Oil  of  vitriol  dissolves  gallo-tannic  acid  with  lemon-yellow  or 
brown-yellow  colour,  becomes  purple-red,  and  gives  off  sulphurous 
acid  when  moderately  heated,  and  at  a  stronger  heat,  becomes  pitch- 
black  and  forms  humic  acid  (Wackenroder). — By  boiling,  or  by  con- 
tinued digestion  at  a  moderate  heat  with  dilute  sulphuric  acid,  tannic 
add  is  resolved  into  gallic  add  (Liebig)  and  dextro-glucose  (Strecker, 
see  puge  344).  Small  quantities  of  ellagic  acid  and  hiunous  substances 
are  likewise  formed,  probably  as  secondary  products.  (Strecker.) 
Acetic  acid  is  not  produced  in  this  reaction  (Liebig). 

Liebig  and  Stas  long  ago  supposed  (Ann.  Pharm.  30,  205)  that  a 
carbo-hydrate  is  formed  in  this  decomposition,  in  addition  to  gallic 
add.  — 100  pts.  tannic  acid  yield  22  pts.  glucose  (Strecker),  at  most 
87*4  pts.  gallic  acid  (Wethcrill),  as  much  as  95  pts.  gallic  acid,  together 
with  other  products  of  decomposition,  the  weight  of  all  these  products 
taken  together  being  equal  to  that  of  the  tannic  acid  employed  (Knop). 
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By  the  use  of  properly  diluted  sulphuric  (or  hydrochloric)  acid,  nearly 
the  whgle  of  the  tannic  acid  may  be  obtained  in  the  form  of  g-aJllc  acid 
(Stenhouse).  According  to  Strecker's  equation,  100  pts.  tannic  acid 
should  yield  82*5  pts.  gaJlic  acid  and  29*1  pts.  glucose  (see  also  the  reaction 
with  hydrochloric  acid). 

The  crystallisation  of  the  gallic  acid  is  comparatively  rapid  and 
abundant,  when  gall-nut  powder  is  moistened  with  dilute  sulpbnric 
acid  and  exposed  to  sunshine,  tufts  of  crystals  then  appearing  on  the 
surface  in  a  few  hours,  and  additional  quantities  being  obtained  by 
repeatedly  moistening  the  powder  with  acid  and  then  drying  it.  Piire 
tannic  acid  thus  treated  likewise  yields  white  crystals  of  gallic  add 
(Horsley,  J.pr,  Chem.  72,  192). 

Tannic  acid  boiled  with  an  insufficient  quantity  of  dilute  sulphuric 
(or  hydrochloric)  acid,  forms  a  nut-brown  humous  substance,  Sten- 
house's  melantannic  add,  which  is  tasteless,  reddens  litmus,  is  insoluble 
in  cold,  sparingly  soluble  in  hot  water,  but  dissolves  in  alcohol  and  in 
alkalis ;  the  ammoniacal  solution  forms  dark-coloured  precipitates  with 
metallic  salts  (Stenhouse). 

When  tannic  acid  is  boiled  with  aqueous  hydrochloric  acid  out  of 
contact  with  the  air,  ellagic  acid  and  sugar  are  almost  always  obtained, 
their  quantities  however  not  bearing  any  definite  proportion  to  one 
another  (Rochleder  &  Kawalier).     When  aqueous  tannic  acid  was  pre- 
cipitated by  hydrochloric  acid  to  the  amount  of  one-third,  and  the 
solution  decanted  from  the  precipitate  again  precipitated  in  the  same 
manner  to  the  amount  of  one-half,  the  solution  decanted  from  this 
last  precipitate,  and  treated  with  hydrochloric  acid,  deposited  the  rest 
of  the  galuc  acid  in  pure  white  flocks.      On  dissolving  these  in  water, 
and  boiling  with  hydrochloric  acid  in  an  atmosphere  of  carbonic  acid, 
the  liquid  became  yellowish  at  the  boiling  heat— 'but  not  darker  after 
four  hours, — and  deposited  ellagic  acid.     The  solution  left  to  cool  in  the 
atmosphere  of  carbonic  acid,  and  separated  after  24  hours  from  the 
ellagic  acid,  then  evaporated  down  to  one-half  in  vacuo  over  oil  of 
vitriol  and  sticks  of  potash,  solidified  to  crystals  of  gallic  add,  and  the 
other  half  treated  as  described  at  page  340  of  tms  volume,  yielded 
crystals  of  glucose.     In  this  manner,  tannic  acid  containing  50*69  p.  c. 
carbon,  3*74  hydrogen,  and  85*57  oxygen,  yielded  5*58  p.  c.  ellagic 
acid  and  9*49  p.  c.  sugar  C^H'^O" ;  but  tannic  acid  with  a  different 
amount  of  carbon,  yielded  other  quantities  of  the  two  substances  (see 
page  456).    Hence  tannic  acid,  even  when  freed  as  completely  us  pos- 
sible from  admixed  ellagic  and  gallic  acid,  generally  contains  a  com- 
pound which  yields  ellagic  acid, — a  second  which  yields  gallic  acid 
(these  two  adds  not  being  formed  one  from  the  other),  and  perhaps 
also  sugar,— or  possibly  a  third  from  which  the  sugar  is  produced.  It 
is  possible  indeed,  bv  the  method  given  at  page  456,  to  obtain  a  tan- 
nic acid  fre6  from  the  compound  which  yields  ellagic  add,  but  not  to 
free  it  from  the  second  body  which  yields  glucose  in  the  decomposition, 
although  the  quantity  of  sugar  may  be  reduced  as  low  as  4  per  cent. 
The  greatest  quantity  of  sugar  obtained  amounted  to  9*49  p.  c.  of  the 
tannic  acid.     A  tannic  acid  having  the  composition  found  by  Strecker, 
yielded  7*27  p.  c.  ellagic  acid,  and  4*96  p.  c.  sugar  (Rochleder  & 
kawalier).     Hence   Kochleder  &   Kawalier  regard  tannic  acid  as  a 
glucoside  (see  also  the  statements  of  Kno])  and  Robiquet). 

10.  Nitric  acid  does  not  precipitate  aqueous  tannic  acid,  or  with 
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difl^puHy  only,  but  colours  it  yellow,  then  red,  and  decomposes  it  quickly, 
with  formation  of  oxalic  acid  (Stenhouse).  — 11.  When  aqueous  tan- 
nic acid  is  mixed  with  aqueous  osmic  acid  of  the  strength  of  3  per  cent., 
an  inodorous,  deep-blue  liquid  is  formed,  transparent  only  in  thin  films, 
and  leaving  on  evaporation  a  black-blue,  amorphous,  insoluble  layer. 
On  dissolving  this  residue  in  aqueous  osmic  acid,  osmic  oxide  is 
separated,  the  reaction  being  accelerated  by  heat,  and  the  red-brown 
filtrate  obtained  after  heating  the  liquid  with  ammonia,  yields  by 
evaporation  brown  crystalline  needles  and  a  humous  substance.  The 
needles  contain  oxalic  acid  and  an  acid  very  much  like  suberic  acid 
(Buttlerow,  J.  pr.  Chem.  56,  207). 

12.  Tannic  acid  boiled  with  excess  of  weskk  potask-le^  yields  gallic 
acid  (Liebig,  xii,  398).  The  solution  separated  from  the  gallic  acid 
does  not  contain  acetic  acid.  By  prolonged  boiling,  the  gallic  acid  is  re- 
solved into  carbonic  and  pyrogallic  acids  (Liebig).  In  contact  with 
the  air  it  changes,  as  described  at  page  401,  vol.  xii.  With  cold  potash- 
ley  in  contact  with  the  air,  it  forms  tannoxylic  acid  (xii :  437,  Buchner). 
Aqueous  tannic  acid  agitated  with  soda-ley  and  oxygen,  becomes 
transparent  and  brownish  yellow  when  supersaturated  with  dilute 
sulphuric  acid,  and  yields  peroxide  of  hydrogen  to  ether  (Schonbein, 
J,pr.  Chem,  81,  12). 

When  tannic  acid  is  treated  with  alkalis  in  a  current  of  hydrogen, 
gallic  acid  and  a  gum  C"H"0"  are  produced  (Rochleder  &  Kawalier, 
Wien.  Akad,  Ber,  22,  558).  — 13.  Tannic  acid  boiled  with  hydrate  of 
baryta^  yields  gallic  acid  and  glucate  of  baryta  (Rochleder  &  Kawalier). 
Baryta-  or  lime-water  in  excess  quickly  colours  tannic  acid  green,  blue, 
red  and  yellowish  brown  ;  acids  decolorise  the  solution  (Wackenroder). 

14.  When  tannic  acid  is  boiled  for  several  hours  with  an  equal 
weight  of  monomlphite  of  soda  or  potash  and  12  pts.  of  water,  or  when 
the  solution  is  evaporated  till  it  froths  up  in  viscid  bladders,  a  quantity 
of  anhydrous  gallic  acid  is  obtained  equal  to  75 — 79  p.  c,  and  5  or  6  per 
cent,  of  a  second  body,  which  contains  an  equal  number  of  atoms  of  car- 
bon, hydrogen  and  oxygen,  but  is  not  sugar  (Knop).  Knop  likewise 
found  small  quantities  of  ellagic  acid,  which  perhaps  was  previously 
contained  in  the  tannic  acid.  On  evaporating  to  complete  dryness  with 
sulphite  of  soda,  and  redissolving  in  the  smallest  possible  quantity  of 
boiling  water,  ellagate  of  soda  remains  behind,  together  with  a  green  fat 
contained  in  the  tannic  acid ;  after  this  has  been  removed  by  filtration,  a 
quantity  of  alcohol  about  equal  to  8  or  10  times  the  weight  of  the  tannic 
acid  used  is  to  be  added.  By  this  means  a  red-brown  syrup  is  precipitated, 
while  sulphite  and  gallate  of  ammonia  remain  dissolved  and  crystal- 
lise from  the  decanted  liquid.  The  red-brown  syi'up  contains  sulphite 
of  soda  in  combination  with  a  dark  brown  substance,  which  acquires 
a  crimson  colour  with  oil  of  vitriol,  and  forms  a  compound  with  oxalate 
of  soda,  which  crystallises  in  needles,  but  cannot  be  obtained  of 
constant  composition.  The  syrup  dissolves  in  water  and  in  alcohol, 
less  easily  in  absolute  alcohol,  and  not  at  all  in  ether  (Knop,  Chem. 
Centr.  1857,  370).  — 15.  Tannic  acid  boiled  with  aqueous  sulphite  of 
ammonia  yields  crystalline  gallamic  acid  (xii,  435)  and  an  amorphous 
substance  which  remains  in  the  mother-liquor.  When  the  latter  is  decom- 
posed with  bichloride  of  tin,  ammonia  (not  hydrilamine,  xii,  435)  and  Knop's  former 
paragaUic  acid  are  obtained,  which  latter  Knop  now  regards  as  a  mixture  of  gallic 
acid  with  a  carbohydrate  and  water  C"H80",C«H'«0«,4HO. 
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16.  Chromic  acid^  heated  with  aqueous  gallic  acid,  quickly  decom- 
poses it,  with  evolution  of  carbonic  acid  (IlUnef eld,  J.pr,  Chem.  16,  361). 
Bichromate  of  potash  produces  a  yellow-brown  precipitate,  which 
quickly  turns  black  (Wackenroder).  —  17.  Peroxide  ofnumganesey  heated 
with  aqueous  tannic  acid,  with  or  without  sulphuric  acid,  decomposes 
it,  with  evolution  of  carbonic  acid  and  formation  of  brown  extractive 
matter.  No  gallic  acid  is  produced  in  this  reaction  (Hiinefeld).  By 
permanganate  of  potash,  aqueous  tannic  acid  is  rapidly  oxidised,  the 
solution,  if  conqentrated,  giving  off  carbonic  acid.  In  this  reaction  a 
body  of  undetermined  constitution  is  produced,  besides  carbonic  acid 
and  water  (Monier).  One  milligramme  of  tannic  acid  dissolved  in  a 
litre  of  water,  is  suflBcient  to  decolorise  the  acid  solution  of  the  per- 
manganate (Monier).  When  permanganate  of  potash  is  added  to  a 
strongly  acid  solution  of  tannic  acid,  the  colour  of  the  permanganate 
disappears  quickly  at  first  (the  liquid  becoming  yellow  and  then 
colourless),  more  slowly  if  a  portion  of  the  tannic  acid  has  been  de- 
composed, so  that  the  instant  at  which  the  last  portion  of  the  tannic 
acid  disappears  cannot  be  recognised  with  certainty.  100  pts.  tannic 
acid  take  up  about  60  pts.  oxygen  from  the  permanganate  (Mohr, 
Tttrirmethode,  2  Aufl.  Braunsch.  527). 

18.  Tannic  acid  reduces  ferric  solutions  partially  at  common 
temperatures,  completely  at  the  boiling  heat,  to  ferrous  solutions. 
(Wackenroder,  vid.  inf.)  — 19.  From  cupric  salts,  it  reduces  cuprous 
oxide ;  from  mercuric  chloride,  mercurous  chloride ;  from  solutions  of 
mercurous  or  Tnercuiic  oxide,  it  gradually  throws  down  metallic  mercury. 
(Wackenroder.)  Carbonate  of  silver  is  reduced  by  tannic  add,  even  in 
the  cold.  (Schiff,  Ann.  Pharm.  109,  65.) 

20.  Aqueous  tannic  acid  which  remains  unaltered  when  not  exposed 
to  the  air,  decomposes,  with  evolution  of  carbonic  acid  and  formation  of 
gallic  acid,  if  it  remains  in  contact  with  the  nitrogenous  constituents  of 
the  gall-nuts,  therefore,  in  infusion  of  galls,  and  more  quickly  in  gall-nuts 
moistened  with  water.  (Robiquet,  Pelouze.)  EUagic  acid  is  formed  at 
the  same  time.  (Erdmann,  Mulder.)  The  formation  of  mould,  which 
commonly  takes  place,  has  no  influence  on  the  transformation.  ( Winck- 
ler,  Eepert.  53,  401.)  The  decomposition  takes  place  even  in  closed 
vessels  (Nesenbeck,  -Z\r.  Br,  Arch,  31,  129),  and  more  quickly  in  propor- 
tion as  the  solution  of  tannic  acid  is  more  dilute.  (Kobiquet.)  The 
transformation  is  to  be  regarded  as  a  fermentation  process,  inasmuch  as 
it  is  stopped  or  retarded  by  antiseptic  substances,  as  alcohol,  wood- 
vinegar,  creosote,  mercuric  oxide,  and  corrosive  sublimate;  moreover 
gall-nuts  freed  from  tannic  acid  by  ether,  excite  vinous  fermentation  in 
solution  of  sugar.  (Larocque.)  The  pectase  of  the  gall-nuts  is  the 
ferment  which  excites  the  gallic  acid  fermentation,  and  the  simultaneous 
conversion  of  the  pectose  into  pectin.  The  pectase  of  gall-nuts  is  also 
capable  of  converting  the  pectin  of  fruits  into  pcctic  acid ;  and  pectase 
from  turnips  can  excite  the  gallic  acid  fermentation.  Tannic  acid  pre- 
pared with  ether,  but  not  purified,  still  contains  sufficient  pectase  to 
give  rise  to  decomposition  when  dissolved  in  water.  Emulsin,  yeast, 
vegetable,  or  animal  albumin,  and  legumin,  retard,  rather  than  pro- 
mote, the  gallic  acid  fermentation.  (Kobiquet.)  In  the  preparation 
of  gallic  acid  by  method  5,  page  399,  vol.  xii,  Braconnot  observed  the 
formation  of  alcohol.  —  Tannate  of  quinine,  which  is  insoluble  in  water, 
is  converted  by  continued  digestion  with  water  into  soluble  gallate  of 
quinine.   (Lintncr,   N.  Bepert,  1,  411;   Phaim,  Centr.  1853,   218.)  — 
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Tannatc  of  soda  dissolved  in  water,  together  with  bicarbonate  of 
soda,  and  mixed  with  yeasty  forms  gallic  acid  and  humOus  substances. 
(Rankc,  J.pr.  Chem.  56,  161.) 

ComhmUiom,  TaoQic  acid  does  not  become  moist  when  exposed  to 
the  air.  (Berzelius.)  It  is  hygroscopic,  and  cannot  be  dehydrated 
by  a  heat  below  120°.  (Mulder.)  After  d^ing  in  vacuo,  it  does 
not  lose  more  than  0*8  p.  c.  of  its  weight  at  120°,  nor  any  more 
till  it  begins  to  decompose.  (Strecker.)  The  acid  dried  at  the  heat  of 
the  water-bath,  gives  off  at  150°,  10  p.  c.  water  if  it  has  been  obtained 
from  ether,  12*85  p.  c.  if  it  has  been  obtained  from  water ;  —  the  water 
thus  given  off  is  free  from  empyreumatic  odour.  (Luboldt.) 

Tannic  acid  dissolves  readily  in  water,  forming  a  colourless  frothing 
liquid. 

Sp.  gr.  of  aqueous  Tannic  acid  at  15°,  according  to  Hammer. 
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f.  Tannic  acid  is  about  200  times  less  diffusible  than  chloride  of 
sodium :  the  diffusate  contains  unaltered  tannic  acid  (Graham,  Chem, 
Soc.  J.  15,  250).     T. 

Tannic  acid  is  precipitated  from  its  aqueous  solution  by  several 
saltJi,  as  by  sal-ammouiac,  common  salt,  sulphate  and  acetate  of  potash 
(not  by  nitre  or  Glauber's  salts,  according  to  Strecker),  by  sulphuric  and 
hydrochloric  acids  (BeraeUus),  from  very  concentrated  solution  by  phos- 
phoric, oxalic,  and  tartaric  acids  (Wackenroder),  and  by  arsenic  acid. 
(Berzelius.)  When  boracic  acid  is  dissolved,  with  aid  of  heat,  in  aqueous 
tannic  acid,  the  mass  solidifies  on  cooling  to  a  white  jelly,  which  dries  up 
to  a  bulky  snow-white  mass.  (Berzelius.)  These  precipitates  were 
regarded  by  BerzeHus  as  compounds  of  tannic  acid  with  mineral  acids ; 
but  the  precipitate  thrown  down  by  sulphuric  acid  retains,  after 
pressure,  only  a  small  and  variable  quantity  of  sulphuric  acid ;  that 
produced  by  hydrochloric  acid  gives  off  all  its  hydrochloric  acid  in  vacuo 
over  quick-lime ;  hence  the  precipitates  can  be  regarded  only  as  mixtures 
of  tannic  acid  with  mineral  acids,  produced  because  tanmc  acid  is  less 
soluble  in  acidulated  than  in  pure  water.  (Strecker.) 

Gallo-tannic  acid  expels  carbonic  acid  from  its  salts ;  it  precipitates 
most  metallic  salts,  and  luiitcs  with  the  oxides,  forming  the  gallotan- 
nates.  The  acid  is  terhasic^  its  neutral  (terbasic  or  termetaUic)  salts  having 
the  formula  C"I1"M'0"  (Strecker) ;  but  it  hkcwise  forms  acid  and  basic 
salts.  The  salts  quickly  change  in  contact  with  the  air,  and  are  difficult 
to  obtain  pure. 

Tannate  of  Ammonia.  —  Tannic  acid  absorbs  ammonia-gas  which  is 
passed  over  it,  forming  a  compound  corresponding  to  the  formula 
QMHioQM  4j^n»,  which  turns  brown  at  100°  C.  giving  off  water  and 
ammonia.  (Midder.)  —  By  nearly  neutraUsing  aqueous  tannic  acid 
with  ammonia,  a  yellowish  red  liquid  is  obtained,  which  turns  green  in 
contact  with  the  air,  and  is  coloured  dark  red  by  excess  of  ammonia. 
(Biichner.) 
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Carbonate  of  ammonia  added  to  aqueous  tannic  acid  throws  down 
a  white  precipitate,  which  changes  to  a  white  powder  in  vacuo. 
(Berzelius.)  An  excess  of  carbonate  of  ammonia  causes  the  white 
precipitate  produced  at  first  to  disappear  immediately,  and  the  liquid, 
after  standing  for  some  time,  acquires  a  red-brown  colour,  and 
deposits  light  white  fiocks.  (Biichner.) — Ammonia-gas  passed  to 
saturation  into  a  solution  of  tannic  acid  in  absolute  alcohol,  throws 
down  white  flocks,  or  if  the  solution  is  very  strong,  a  white  resin,  which 
becomes  friable  when  repeatedly  treated  with  absolute  alcohol.  This 
substance,  dried  between  filtering  paper  and  then  over  oil  of  vitriol,  forms 
a  resin  having  a  faint  brown  tint,  and  very  soluble  in  water.  (Biichner.) 
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b.  According  to  Strecker,  who  regards  this  compound  as  the  ammonia-salt  of  an 
amidated  acid  of  tannic  acid. 

Tannate  of  Potash,  a.  Polt/basw  ?  —  The  salt  b  forms,  with  a  certain 
quantity  of  potash-ley,  a  yellow  solution,  which  has  an  astringent  but 
not  very  alkaline  taste,  and  leaves,  when  evaporated,  a  yellow-brown 
transparent  extract  soluble  in  water.  — The  addition  of  a  larger 
quantity  of  potash  causes  decomposition  during  the  evaporation. 
(Berzelius.) 

b.  Terhasic  f  —  From  a  not  too  dilute  aqueous  solution  of  tannic 
acid,  caustic  potash,  monocarbonate,  and  bicarbonate  of  potash,  throw 
down  a  white  powder,  which,  after  wasliing  and  pressing,  dries  up  to 
a  white  earthy  mass,  permanent  in  the  air.  This  substance,  dissolved 
in  a  small  quantity  of  boiling  water,  separates  on  cooling  in  the  form 
of  a  white  granular  mass,  which  leaves  the  same  earthy  substance 
on  being  left  to  dry  spontaneously.  It  dissolves  in  a  larger  quantity 
of  water,  forming  a  neutral  liquid,  which  has  an  astringent  taste,  and 
solidifies  to  a  jelly  when  concentrated.  It  dissolves  in  warm  aqueous 
tannic  acid,  and  separates  unaltered  on  cooling.  In  alcohol  it  is  nearly 
or  quite  insoluble.  (BerzeUus.) 

c.  Btbasic.  —  Alcoholic  potash  is  added  to  moderately  dilute  alco- 
holic tannic  acid  till  red  veins  form  on  the  surface.  —  White  crystalline 
flocks,  f orminff  when  dry  an  earthy  mass,  soluble  with  greenish  colour 
in  water,  partly  precipitable.  The  aqueous  solution,  when  evaporated, 
leaves  a  brown  smeary  mass.  (Biichner.) 

Biichner. 
at  100^  mean. 
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Tannate  of  Soda  ? — ^When  aqueous  taunic  acid,  neutralised  as  nearly 
as  possible  with  soda-ley,  is  left  to  evaporate  freely,  there  remains  a 
greenish  grey-yellow  semi-crystalline  mass,  with  distinct  yellow  cry- 
stalline laminsd  on  its  edges.  A  small  quantity  of  cold  water  dissolves 
a  portion  of  this  substance,  leaving  a  salt  similar  to  the  potash-salt  J, 
which,  if  dissolved  in  boiling  water,  separates  as  a  neutral  white 
powder  on  cooling.  The  cr^'^stalline  salt,  which  dissolves  in  cold  water, 
is  insoluble  in  alcohol,  and  melts  therein  when  heated.  It  has  a  slight 
alkaline  reaction,  and  does  not  precipitate  a  solution  of  gelatin,  even 
after  addition  of  acid.  (BerzeUus.)  A  concentrated  aqueous  .solution 
of  tannic  acid  behaves  with  caustic  soda  or  its  carbonate  in  the  same 
manner  as  with  potash.  When  mixed  with  excess  of  carbonate  of 
soda,  it  forms  a  yellowish  solution,  which  turns  green  in  contact  with 
the  air,  and  deposits  a  small  quantity  of  yellow-green  crystalUne  pre- 
cipifate.  (Buchner.) 

Witli  5  at.  Base  to  2  at.  Acid.  —  Precipitated  by  alcoholic  soda-ley 
from  a  cooled  moderately  dilute  alcoholic  solution  of  tannic  acid. 

From  warm  or  too  concentrated  solutions,  a  resin  is  precipitated.     The  precipitate, 

when  dried  over  the  water-bath,  forms  a  faintly  yellow,  earthy,  friable 
mass.  With  a  small  quantity  of  water,  it  coagulates  to  a  gummy 
mass,  and  with  a  much  larger  quantity  il  forms  a  clear  brown  solution, 
which  becomes  milky  as  it  cools.  The  concentrated  aqueous  solution 
evaporated  over  oil  of  vitriol  leaves  a  brown  film  and  laminie. 
(Buchner.) 

BUchner. 
at  lOO^  mean. 

108  C 648  46-59     4657 

44  H 44  3-16     326 

68  0 644  39-11     39-60 

5  NaO 165  1114     10-57 

2CMH«0«,5NaO    ....  1391     10000     10000 

So  according  to  Strecker;  Buchner  gave  the  formula  5Ci8H80i^4NaO-HO. 

Tannate  of  Baryta. — a.  Baryta- water  added  to  aqueous  tannic  acid, 
throws  down  a  basic  salt.  (Berzehus.)  The  precipitate  dissolves  in 
aqueous  tannic  acid,  not  in  excess  of  baryta-water ;  it  turns  green 
when  left  to  stand,  or  when  washed  in  contact  with  the  air  j  also  if  it 
has  been  precipitated  with  baryta- water,  not  in  excess. 

b.  If  carbonate  of  baryta  be  added  to  aqueous  tannic  acid  as 
long  as  effervescence  takes  plac«,  the  liquid  then  filtered,  and  the 
filtrate  concentrated,  only  small  quantities  of  flocks  separate  on 
cooUng ;  but  alcohol  added  to  the  brown  solution,  throws  down  a 
white  light  powder,  which,  after  washing  with  alcohol,  turns  brown  on 
drying. 

c.  From  warm  aqueous  solutions  of  alkaline  tannates,  chloride  of 
barium  throws  down  a  white  precipitate,  sparingly  soluble  in  cold 
water,  more  soluble  in  boiling  water.  (Berzelius.)  The  light  floccu- 
lent  precipitate  assumes  a  very  faint  reddish  colour  when  washed,  and, 
after  drying  at  100^  contains  39-7  p.  c.  C,  2-8  H.,  36-8  0.,  and  20-7 
BaO.  (Buohner.)  Buchner  gives  the  formula  4C"H»0",3BaO :  Strecker 
regards  the  salt  as  a  mixture  of  t^rbasic  (C^H^**,  3BaO),  and  bibasic 
salt  (C"H«0^2BaO.). 

Strontia  reacts  with  tannic  acid  like  baryta,  (Berzelius.) 
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Tannateof  Lime. — Milk  of  lime,  added  in  excess  to  aqueous  taimic 
acid,  precipitates  it  completely  as  insoluble  basic  salt.  (Beizelius.) 
Chloride  of  calciom  solation  does  not  precipitate  aqneous  tannic  acid 
(Wackenroder),  but  from  the  acid  nearly  neutralised  with  ammonia,  it 
throws  down  the  neutral  salt,  which  redissolves  during  waskin^. 
(Berzelius.)  The  precipitate  quickly  turns  bluish-green,  then  brown ; 
the  white  precipitate  thrown  down  from  fixed  alkaline  tannates  is 
almost  wholly  soluble  in  water,  and  dissolyes  readily  in  acetic  add* 
(Wackenroder.) 

Tannate  of  Magnesia,  —  Hydrate  of  magnesia  and  magnesia  alba  are 
coloured  yellow  by  aqueous  tannic  acid,  and  throw  down  nearly  all  the 
tannic  acid  forming  a  basic  compound.  (Berzelius,  Ft.  Miiller.) 

Tannate  of  Alumina, — Hydrate  of  alumina,  shaken  ap  with  aqueous 
tannic  acid  quickly  unites  with  it,  forming  an  insoluble  compoond 
(Pelouze)  which  dissolves  in  excess  of  tannic  acid.  (Berzeliufi.)  — 
Oludna  and  yttria  react  like  alumina. 

Tcmnate  of  Titanic  oxide, — From  hydrochlorate  of  titanic  oxide, 
neutralised  as  nearly  as  possible  with  ajnmonia,  aqueous  tannic  add 
throws  down  yellow-red  flocks.  (Pfaff.)  —  From  a-cid  solutiouB  of 
titanic  add,  infusion  of  galls  throws  down  at  first  a  brownish  predpi- 
tate,  quickly  changing  to  pale  orange-red.  (Rose.) 

Infusion  of  galls  colours  hydrate  of  tanfalic  acid  orange-yellow,  and 
precipitates  the  tantaUc  acid  with  the  same  colour  from  its  add  and 
alkaline  solutions.  The  light  yeUow  precipitate  dissolves  in  alkalis. 
(Rose).  —  The  infusion  does  not  alter  alkaline  tungstates^  but  adds 
added  to  the  mixture,  throw  down  a  thick,  chocGlate-colom-ed  pre- 
cipitate. —  Tannic  acid  colours  alkaline  molyhdaies  deep  blood-red,  and 
on  addition  of  hydrochloric  acid,  a  blood-red  predpitate  is  formed,  which 
dissolves  in  a  large  quantity  of  water.  (Rose.) 

With  salts  of  vanadic  oxide^  aqueous  tannic  acid  forms  a  bluish-inky 
mixture,  which,  when  left  to  stand  quietly,  deposits  a  black  predpitate. 
—  With  alkaline  vanadates^  Infusion  of  galls  first  gives  a  green,  then 
an  inky-black  colouring :  the  mixture  diluted  with  a  large  quantity  of 
water,  forms  a  dear  dark-blue  liquid,  which  gradually  turns  green  in 
contact  with  the  air.  The  concentrated  mixture  may  be  used  as  an 
ink,  but  changes  in  contact  with  the  air,  the  black-blue  colour  passing 
into  green.  The  writing  is  durable,  and  withstands  the  action  of 
hydrochloiic  acid,  of  chlorine,  or  of  alkalis,  but  is  destroyed  by  sucoesave 
treatment  with  dilorine  and  alkaJis  (or  by  nitric  add :  Kr.)  (Berzelius). 

Chromic  hydrate  forms  with  aqueous  tannic  acid  an  insoluble  com- 
pound, which  is  likewise  precipitated  on  mixing  chromic  salts  with 
tannic  acid.  (Berzelius.)  Infusion  of  galls  does  not  precipitate  chromic 
salts.  (Rose.)  Uranic  oxide  behaves  with  tannic  add  Uke  chromic 
oxide.  (Berzelius.)  Infusion  of  galls  throws  down  a  red-brown 
precipitate  from  neutral  uranic  salts.  (Rose.) — The  infusion  does  not 
decompose  either  arsenites  or  arsenates,  (Rose.) 

Tannate  of  Antimony,  —  Aqueous  tannic  add  throws  dawn  frcm 
tartar-emetic  a  thick  white  precipitate,  which  duiing  washing,  partly 
dissolves  in  the  water  and  is  partly  carried  through  the  filter,  renoering^ 
the  liquid  milky.      The  white   gelatinous,  very  sparingly  soluble 
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precipitate  consists  of  8C"HK)^,SbO'   (Pelouze),    or,   according  to 
Strecker's  formula  for  tannic  acid,  of  C**H"0'*,SbO*,2HO.    On  the  be- 

hanoar  of  tannic  acid  with  tartar-emetic^  see  Berzelias  (Lehrb,  3  Aofl*  6,  229). 
TeUurmm-salta  are  precipitated  yellow  by  infusion  of  gaUs. 

Tannate  of  Bismuth.  Bismuth  salts  form  a  yellow  precipitate  with 
infusion  of  galls.  44  pts.  of  crystallised  nitrate  of  bismuth  arc 
decomposed  by  a  slight  excess  of  carbonate  of  soda,  and  the  washed 
precipitate  is  mixed  with  20  pts.  tannic  add.  The  compoimd  contains 
53  p.  c.  bismuth-oxide  and  47  p.  c.  tannic  acid.  (Cap,  Fharm.  Viertelj, 
8,  689.) 

Tannate  of  Zinc  —  White  precipitate  thrown  down  from  zinc-salts 
by  alkaline-salts.  (Wackenroder.) — Helm  {N,  Br,  Arch,  106,  26; 
Pharm.  Viertelj,  11,  99)  mixes  the  solution  of  6  oz.  sulphate  of 
zinc  in  4  lbs.  water,  with  ammonia  not  in  excess,  as  long  as  a  pre- 
cipitate is  thereby  produced ;  this  precipitate  is  collected,  washed,  and 
stirred  up  with  8^  oz.  tannic  acid  and  water ;  and  the  mixture  is 
heated  to  boiling,  drained  and  dried.  Yellowish  white  powder, 
insoluble  in  water. 

Tannate  of  Cadmium,  —  Hot  aqueous  tannic  acid  throws  down  from 
cadmium-salts  a  white  precipitate,  which  assumes  a  yellow-green 
colour  when  dry,  becomes  anhydrous  at  100°,  and  contams  21 '4  p.  c. 
CdO.    Insoluble  in  water  and  in  alcohol.  (Schiff.) 

Stannous  Tannate,  —  Stannous  hydrate  takes  up  tannic  acid  from 
its  aqueous  solution ;  stannous  salts  are  precipitated  by  tannic  acid. 
(Berzelius.)  The  white  flocks  precipitated  from  aqueous  tannic  acid, 
dissolve  readily  in  excess  of  protochloride  of  tin ;  those  precipitated 
from  tannate  of  soda  are  but  very  slightly  soluble.  (Wackenroder.)  — 
Stannic  hydrate  decolorises  infusion  of  galls  when  digested  with  it,  and 
appears  to  take  up  all  the  tannic  add.  (Proust,  Dayy.)  Infusion  of 
galls  precipitates  hydrochlorate  of  stannic  oxide.  (Wuttig.) 

Tannate  of  Lead,  —  Tannic  add  heated  with  excess  of  lead-oxide 
to  120**  — 140°,  gives  off  from  4-1  to  4*4  p.  c.  water  (3  at.  =  4*4  p.  c.) 
(Strecker).  Part  of  the  tannic  acid  is  apt  not  to  enter  into  combination 
with  the  lead  oxide,  and  may  be  dissolved  out  of  the  dried  mass  by 
water,  another  portion  is  altered  by  contact  with  the  air.  (Strecker.) 
Mulder  obtained  in  three  experiments,  from  2*3  to  3'0  p.  c.  loss  of 
water ;  in  one  experiment,  4,  and  in  another,  5*7  per  cent.  Hydrate 
of  lead  abstracts  tannic  acid  from  its  aqueous  solution  (Berzelius). 
Concentrated  aqueous  tannic  add  dissolves  rather  large  quantities  of 
hydrate  of  leacf,  which  are  for  the  most  part  precipitated  on  addition 
of  water.  (Ritter.) 

By  precipitating  aqueous  tannic  acid  with  neutral  acetate  of  lead, 
salts  may  be  formed  containing  quantities  of  lead-oxide,  varying  from 
84*12  to  64  p.  c. ;  among  them  are  three  definite  lead-salts,  the  rest 
being  mixtures  of  these  with  each  other.  (Strecker.)  Mulder  obtained, 
under  different  drcumstances,  5  salts  which,  at  120°,  contained  -J,  2, 3,  4, 
and  5  at.  lead-oxide  to  1  at.  tannic  acid  (C'^H'O"  according  to  Mulder). 
By  predpitating  tannic  acid  or  tannate  of  potash  with  basic  acetate  of 
lead,  a  basic  salt  is  obtained,  which  becomes  yellow-green  during 
washing.  (Berzelius.)  All  the  lead-salts  are  yellow  when  recently 
precipitated,  excepting  the  neutral  (terbasic)  salt.    Their  organic  sub- 
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stance  exhibits  at  120°,  the  compositiou  expressed  by  the  formula 
C**ir'0" ;  it  does  not  give  off  any  water,  when  further  exposed  to 
heat,  but  the  salts  decompose  at  15*0°.  They  are  difficult  to  wash,  and 
during  washing,  absorb  oxygen  from  the  air,  assuming  a  darker  colour 
from  the  surface  inwards.  (Strecker.) 

a.  With  9  or  10  erf.  Lead-oxide, — When  aqueous  tannic  acid  is 
poured  into  a  boiling  aqueous  solution  of  neutral  acetate  of  lead,  so 
that  this  salt  remains  in  excess,  the  filtrate  further  precipitated  by 
tannic  acid,  and  the  mixture  boiled  for  a  quarter  of  an  hour  in  con- 
tact with  a  large  quantity  of  free  acetic  acid,  a  yellowish  powder  is 
obtained,  which  at  100°  becomes  whitish  grey,  and  contains  20'24:  p.  cC, 
1-11  H.,  and  63-0  to  64*09  p.  c.  PbO.  (Liebig,  Ann.  Pharm,  26,  128). 
This,  according  to  Strecker,  is  the  salt  C**H"Pb»0^,  6PbO  (dc.  20-25 
p.c.  C,  1-19  H.,  13-50  0.,  and  6306  PbO).— The  precipitate  thrown  down 
from  excess  of  boihng  sugar  of  lead  by  dilute  aqueous  tannic  acid,  when 
collected  after  a  few  minutes'  boiling,  and  dried  in  vacuo,  gave  off  at 
120°,  1*54  p.  c.  water  (3  at.  water  =  1*5  p.  c.)  and  then  contained 
64'7  p.  c.  lead-oxide,  corresponding  to  the  formula  C'*HP*PbK)**,7Pb0. 
When  dried  it  slowly  absorbs  carbonic  acid  from  the  air.  (Strecker.) 

In  vacuo,  Strecker. 

64  C  324     18-64     18*2 

22  H 22     1-26     10 

34  O 272     15-65     17-1 

10  PbO...., 1120      64  45     637 

C"HwPb«OW,7PbO  +  3aq 1738     10000    1000 

b.  With  6  at.  Lead-oxide, — Luke-warm  aqueous  tannic  acid  is  pre- 
cipitated by  excess  of  neutral  acetate  of  lead,  and  the  precipitate  ^ 
washed  with  boiling  water.  After  drying  in  vacuo,  it  sustains,  at  120°t 
a  loss  of  weight  amounting  to  2*2  per  cent.   (3  at.  water  «  2-1  ?•  «• 

Strecker). 

Strecker. 


In  vacuo, 

64  C    324     2511  „  24-85 

22  H 22    1-71  1-40 

34  O    272     21-09  20-95 

6  PbO    672    6209  5280 

C**H»PbW*,3PbO  +  38q. 1290    lOO'OO    100-00 

c.  With  8  at.  Lead-oxide, — ^When  aqueous  tannic  acid  is  precipitated 
by  sugar  of  lead,  a  white  precipitate  is  formed,  whidi  assumes  a 
darker  colour  when  exposed  to  the  air.  This  predpitate  treated 
with  boiling  water,  gives  up  tannic  acid,  and  leaves  neutral  tannate 
of  lead,  which  becomes  gummy  and  darker  coloured  in  contact  with 
ammonia,  without  altering  its  amount  of  oxide  of  lead  (84-21  p«  c)* 
After  deduction  of  the  oxide  of  lead,  it  contains  51-50  p.  c.  C,  8'79H.» 
and  44-71  0.  (Berzelius)  and  consists,  according  to  Strecker,  of 
C«*H]»Pb»0»*+4H0.  The  precipitate  thrown  down  by  neutral  acetate 
or  nitrate  of  lead  from  excess  of  aqueous  tannic  acid,  contains  at 
120°,   32-86  p.  c.  C,   2-81  H.,   and  33-79  to  34-27  PbO  (Pelouze). 

Strecker  gives  the  formula  C"H»Pb»0«  +  5  HO.,  which  requires  8333  p.  c.  C.  247  H., 

34-57  PbO,  and  29'630.  —  The  terbasic  salt  may  be  prepared  by  adding"  a 
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dilute  Bolution  of  neutral  acetate  of  lead  to  aqueous  tannic  acid,  either 
in  the  cold,  or  between  40°  and  50°,  in  such  quantity,  that  part  of  the 
tannic  acid  may  remain  in  solution.  After  drying  in  vacuo,  it  gives 
off  2-8  p.  c.  water  at  120°  {3  at.  «  2-83  p.  c)  (Strecker.) 

ai  laO"*.  Strecker. 

54  C 324     34-96  387 

19  H    19    2-06 1-9 

31  O    248    26-75  28-2 

3  PbO 336    36-24  36-2 

C"HwPb»0**  927    10000    100-0 

From  yarrow  saUa  aqueous  tannic  acid  throws  down — but  only 
from  very  concentrated  solutions — a,  white  gelatinous  precipitate  which 
dissolves  on  addition  of  water.  (BerzeUus.) 

Ferric  Tannate.  Ferric  salts  yield,  with  very  dilute  aqueous  tannic 
acid,  a  dark-blue  transparent  liquid,  which  after  a  while  becomes 
dark  green,  and  deposits  green  flocks;  at  still  greater  degrees  of 
dilution,  the  mixture  immediately  assumes  a  dark  green  colour,  with- 
out yielding  any  precipitate.  (BenseUus.)  —  The  blue-black  colouring 
passes  quickly  into  brownish-green,  then  into  olive-green,  and  finally 
into  greenish-brown,  the  liquid  becoming  clear  in  a  shorter  time  in 
proportion  as  the  iron-salt  is  in  greater  excess ;  with  ferric-acetate, 
however,  the  iron-black  colour  is  permanent.  (Pfaff.)  The  blue-black 
colouring  of  ferric  salts  is  changed  by  the  stronger  acids,  especially 
by  tartaric  acid,  to  green;  by  alkalis,  to  red(6eiger);  if,  however,  the 
liquid  altered  by  acids  be  set  aside  for  24  hours,  then  decanted  from  the 
precipitate,  and  the  latter  treated  with  pure  water,  the  liquid  again 
becomes  black ;  hence  it  appears  that  the  green  colouring  arises  from 
the  mixture  of  the  yellow  ferric  tartrate  with  the  ferric  tannate. 
(BerzeUus,  Mag.  Pharvi.  31,  362.)  —  Ferric  salts  are  partially  reduced 
as  soon  as  they  are  mixed  with  tannic  acid,  and  at  the  boiling  heat 
the  reduction  is  complete.  (Wackenroder.) 

When  aqueous  tannic  acid  is  precipitated  by  pouring  ferric  sulphate 
into  it,  the  precipitate,  after  washing  and  (&ying  at  122°,  contains 
12-02  p.  C.  ferric  oxide.  (Felouze.)  Strecker  gives  the  formula  C"H»90«,F^05 
(calc.  11-92  FeW).  Wittsteiu  found  the  quantity  of  ferric  oxide  in  the 
precipitate  very  variable ;  the  only  way  in  which  he  could  obtain  a 
constant  compound  was  by  precipitating  f eiTOus  sulphate  with  aqueous 
tannic  acid  and  exposing  the  precipitate  to  the  air. 

a.  When  a  solution  of  2  at.  ferrous  sulphate  is  mixed  with  1  at. 
aqueous  tannic  acid,  and  the  mixture  is  exposed  to  the  air  for  six 
weeks  or  longer,  and  frequently  stirred,  the  dark  indigo-blue  pre- 
cipitate washed,  and  dried  at  100°,  contains  8*4  p.  c.  FeH)',  a  small 
portion  of  the  iron  being,  however,  in  the  state  of  protoxide.  The 
filtered  Uquid  again  exposed  to  the  air  yields  a  further  precipitate, 
containing  an  e(}ual  proportion  of  ferric  oxide.  The  filtrate  does  not 
contain  gallic  acid.    ( Wittstein.) 

h.  When  feme  sulphate  is  added  to  aqueous  tannic  anid,  in  such 
quantity,  that  the  filtrate  is  still  clouded  by  an  iron-salt,  the  resulting 
dark-blue  precipitate  contains  very  little  ferrous  oxide,  and  yields  on 
ignition  14*90  p.  c.  FeK)*.  When,  on  the  other  hand,  tannic  acid  is  added 
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to  ferric  Bulphate,  as  long  a6  a  precipitate  is  formed,  the  prediHtate  yieldb 
15*4  p.  c.  Fe'C.  The  black-green  filtrate  contains  ferrous  oxide,  the 
quantity  of  which  increases  on  boiling,  but  it  is  only  when  more 
tannic  acid  is  added  that  the  whole  of  the  sesquioxide  of  iron  is 
reduced  to  protoxide.  (Wittstein.) 

c.  When  1  at.  ferric  acetate  is  added  to  1  at.  aqueous  tannic  acid 
(C**),  the  resulting  black-blue  precipitate,  after  being  washed  with  cold 
water  and  dried  at  100%  contains  18*76  p.  c.  ferric  oxide,  together  with 
a  small  quantity  of  free  tannic  acid,  and  after  this  has  been  dissolved 
out  by  ether,  100  pts.  of  the  precipitate  yield  20-15  p.  c.  ferric  oxide. 
The  precipitate  likewise  contains  a  small  quantity  of  feirous  oxide.  — 
The  filtrate  from  c  leaves,  on  evaporation,  a  dark-blue,  resinous,  very 
astringent  residue,  which  dissolves  completely  with  dark-blue  colour 
in  water  and  alcohol.  —  This  residue  treated  with  ether,  yields  tannic 
acid,  whereby  it  loses  almost  entirely  its  solubiKty  in  watet  and  in 
alcohol,  becomes  nearlv  black,  and  when  dried  at  100°,  contains 
i3'4  p.  c.  ferric  oxide.  (Wittstein.) 

d.  When  aqueous  tannic  acid  is  dropped  into  a  very  dilute  solirtioii 
of  ferric  acetate  as  long  as  it  produces  any  precipitate,  the  liquid  loses 
its  yellow-red  colour,  and  becomes  colourless,  the  precipitate  is  rather 
brown  than  blue,  black  after  diyinff,  and  yields,  when  drie<Jat  100**, 
quantities  of  ferric  oxide,  varying  from  42*85  to  56*25  p.  c,  part  of 
it  being,  however,  present  as  ferrous  oxide.  A  colourless  filtrate  is 
likewise  obtained,  when,  on  the  other  hand,  ferric  acetate  is  added 
to  tannic  acid,  as  long  as  any  precipitate  is  formed.  The  precipitate 
yields  25  p.  c.  Fe^O',  y\  of  which  is  present  as  protoxide.  (Wittstein.) 

Onffcrtic  tanflate,  «e6  further  Winckler  {Bepert  9B,  77);  CoUonib  V-Reir.  «e»ctt#. 
16,  477);  Wackenroder  {N.  Br.  Arch,  27 1  269);  Geiteler  {N.  Br.  Arch,  89,  166).    , 

Cohalt'Salta  are  precipitated  yellowish  white  by  infusion  of  galls } 
mckel'Salta  greenish-wlnte. 

Cupric  Tannate.  —  Cupric  hydrate  abstracts  tannic  acid  from  its 
aqueous  solution.  (Berzelius.)  —  The  salt  is  obtained  by  double  decom- 
position in  grey-brown  flocks,  which  are  reddish-white  or  brownish- 
grey,  according  as  the  tannic  acid  or  the  copper-salt  is  in  excess.  It 
is  dissolved  by  potash,  with  separation  of  cuprous  oxide ;  completely 
by  ammonia,  only  when  the  tannic  acid  is  in  excess ;  the  latter  solution 
is  not  altered  by  hydrosulphuric  acid.  (Wackenroder.) 

Mercurous  Tannate.  Mercurous  oxide  abstracts  tannic  acid  from  its 
aqueous  solution;  mercurous  salts  are  precipitated  by  tannic  acid 
(Berzelius).  From  mercurous  nitrate,  tannate  of  potash  precipitates 
a  powder  which  is  nearly  white  at  first  (ydlow,  gobn  tumitig  green,  accord- 
ing to  Wackenroder),  which  darkens  on  standing,  appears  yellow-green 
when  dry,  and  contains  44*96  p.  c.  Hg*0.  It  is  not  soluble  either  in 
hot  or  in  cold  water,  even  after  addition  of  tannic  acid.  Aqueous 
ammonia  converts  it  into  black  ammonio-mercurous  tannate  containing 
76-78  p.  c.  HgH).    (HarfP.) 

Mercunc  Tannate.  —  Tannic  acid  is  precipitated  from  its  aqueous 
solution  by  mercuric  oxide.  It  precipitates  mercuric  salts,  excepting 
the  chloride  (Berzelius).  From  mercuric  nitrate  it  throws  down  a 
thick)  brick-red  precipitate,  which  is  insoluble  in  excess  of  the  pre- 


OALLO-TANNIC  OR  TANNIC  ACID.  471 

cipitant,  and  on  standing  acaoires  a  dirty  jellow  colour,  and  is  found 
to  contain  mercnrons  oxide  (Wackenroder).  The  precipitate  thrown 
down  from  mercnrons  nitrate  by  tannate  of  potash  is  light  yellow  at 
first,  but  becomes  darker  after  a  while,  yellow -brown  on  drying,  and 
contains  82*13  p.  c.  HgO.  Caustic  ammonia  poured  upon  it  converts 
it  into  dark  brown,  nearly  tasteless  ammonio-mercuric  tannate,  con- 
taining 64-64  p.  c.  HgO.    (Harff,  N.  Br.  Arch.  5,  294.) 

Oxide  and  nitrate  of  silver  form  black-brown  precipitates  with 
aqueous  tannic  acid  (Berzelius,  Ft.  Miiller).  —  From  bichloride  of 
platinum^  infusion  of  galls  throws  down  pale  yellow  flocks  (Pfaff). 

Tannic  acid  dissolves  in  hi/drated,  more  abundantly  than  in  absolute 
alcohol  (Pelouze).  —  According  to  Pelouze,  Bolley  and  Luboldt,  it  dis- 
solves but  sparingly  in  anhydrous  ether^  and,  according  to  Strecker  and 
others,  remains  perfectly  pulverulent  when  covered  with  it,  while, 
according  to  Mohr,  it  dissolves  in  considerable  quantity.  With  et?ier 
containing  water,  it  forms,  after  some  seconds,  a  very  heavy  liquid,  like 
that  which  separates  in  the  preparation  of  tannic  acid,  as  described  at 
page  453  of  this  volume.  Of  the  two  layers  thus  formed,  the  lower 
consists  of  tannic  acid,  which  has  taken  up  the  water  of  the  ether,  and 
only  a  very  small  quantity  of  ether,  while  the  upper  layer  contains 
ether,  a  small  quantity  of  tannic  acid,  and  the  foreign  substances  taken 
up  with  it  (Pelouze).  When  tannic  acid  dried  at  110°,  is  covered  with 
anhydrous  ether,  the  solution  standing  above  the  excess  of  pulverised 
tannic  acid,  after  being  agitated  for  a  considerable  *  time,  contains  in 
solution  only  0*206  p.  c.  at  5°,  and  0*384  p.  c.  at  ordinary  tempera- 
tures. On  adding  to  the  ether  half  a  volume  per  cent,  of  water,  the 
tannic  acid,  which  has  hitherto  been  greyish-yellow  and  pulverulent, 
deliquesces  to  brownish  lumps,  and  on  addition  of  a  few  drops  more 
water,  to  a  syrup.  After  addition  of  1  volume  per  cent,  of  water,  the 
supernatant  ether  contains  1*2  p.  c.  tannic  acid  in  solution.  On  con- 
tinuously dropping  water  into  the  mixture  and  agitating,  three  layers 
are  formed,  the  lowest  of  which  is  syrupy,  and  contains  0*297  grm. 
tannic  acid  in  a  cubic  centimetre.  The  middle  layer  is  somewhat 
lighter  than  the  lowest,  and  contains  in  a  cubic  centimetre  0*082  grm. 
tannic  acid  dissolved  in  a  large  quantity  of  water  and  a  small  quantity 
of  ether.  The  syrupy  layer  contains  both  ether  and  water,  and  is 
perhaps  a  tannate  of  ether  and  water,  analogous  to  sulphovinic  acid 
(Bolley,  Chem.  Soc.  Q.  J.  13,  295 ;  Ann.  Pharm.  115.  63). 

Tannic  acid  (crude)  dried  at  ISO"*  remains  pulvenilent  when  covered 
with  10  pts.  of  anhydrous  ether,  while  the  supernatant  ether  takes  up 
2  or  3  p.  c.  of  solid  constituents,  chiefly  the  foreign  substances  mixed 
with  the  tannic  acid.  Water,  either  present  in  the  tannic  acid  or  the 
ether,  or  subsequently  added,  is  greedily  absorbed  by  the  tannic  acid,  and 
causes  it  to  deliquesce  to  a  viscid  mass  or  a  syrup,  which  does  not 
mix  with  the  excess  of  ether.  When  a  solution  of  100  pts.  tannic 
acid  in  100  pts.  water  is  mixed  with  150  pts.  ether,  the  liquid,  if 
agitated  and  left  at  rest  at  a  temperature  of  18**,  separates  into  three 
layers,  the  lowest  of  which  has  a  sp.  gr.  of  1*07,  takes  up  half  the  total 
space,  and  contains  40*5  p.  c.  tannic  acid,  42*2  ether,  and  17*3  water. 
The  middle  layer,  which  has  a  density  of  1*02,  contains  14*15  p.  c.  tan- 
nic acid,  10*09  ether,  and  75*76  water;  the  uppermost,  of  density 
0*752,  is  chiefly  ether,  containing  in  solution  small  quantities  of  foreign 
matters  and  water.    Also,  when  20  grms.  tannic  acid,  39  grms.  ether 
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aud  20  grms.  water  are  shaken  up  together  and  then  left  at  rest,  three 
layers  are  formed,  the  lowest  of  which  increases  by  contmual  agitatioa 
at  14*5°,  at  the  expense  of  the  upper,  till  it  occupies  36*5  and  the 
upper  17'5  pts.  of  the  entire  space,  the  middle  layer,  which  remains 
unaltered,  occupying  20  pte.  The  bottom  layer,  when  removed  with 
the  pipette,  is  found  to  be  soluble  in  4*5  to  5*5  pts.  of  water,  more 
abundantly  in  lukewarm  than  in  cold  water.  But  if  water  be  added  to 
the  mixture  as  it  stands,  divided  into  three  layere,  a  quantity  equal  to 
1 1  times  the  volume  of  the  bottom  layer  will  be  required  to  dissolve 
it  (tlie  top  layer  at  the  same  time  diminishing  to  f)  because  the  water 
dissolves  the  bottom  layer  only  so  far  as  it  can  take  up  ether.  Water 
saturated  with  ether  dissolves  only  ^  of  the  bottom  layer.  The  bottom 
layer  is  therefore  hydrated  tannic  acid  containing  ether  in  solution ; 
the  middle  layer  is  water  containing  ether  and  tannic  acid ;  and  the 
top  layer  is  ether  which  has  taken  up  water,  tannic  acid,  bj^  the  foreign 
constituents  (Luboldt,  J.  pr.  Chem.  77,  357).  According  to  Mohr,  on 
the  contrary  {Ann.  Fhartn.  61,  352),  the  lowest  of  the  three  layers 
contains  tannic  acid  dissolved  in  water ;  the  middle  layer,  tannic  acid 
dissolved  in  ether.  This  statement,  and  another  made  by  Mohr,  to  the 
effect  that  tannic  acid  deliquesces  to  a  syrup  in  anhydrous  ether,  and 
that  by  addition  of  more  tannic  acid,  the  ether  may  be  completely  con- 
verted into  this  syrup,  are  not   reconcilable   with  the  experiments 

above  described.     (See  also  Gaiboart  &  Roblauet  /oc.  eit. ;  Sandrock,  N.  Br.  Arch, 
72,  265.) 

The  viscid  syrup  which  separates  at  the  bottom  of  the  mixture  of 
tannic  acid,  water,  and  ether,  unites  with  the  supernatant  ether  on 
addition  of  alcohol  to  a  thin  filterable  liquid  (Mohr). 

Tannic  acid  dissolves  in  acetone^  with  evolution  of  heat,  the  solution 
drying  up  to  a  jelly  and  leaving  a  powder  which  has  the  aspect  of 
tannic  acid  (Knop). 

Tannic  Acid  with  Acetone  and  Ammonia.  —  Tannic  acid  is  dissolved  in 
4  or  5  pts.  acetone,  the  solution  is  heated  to  the  boiHng  point,  and 
aqueous  ammonia  is  added,  with  agitation,  till  the  liquid  smells  strongly 
of  it.  Two  layers  are  then  formed,  the  lower  of  which  is  to  be 
repeatedly  stuTed  up  with  absolute  alcohol  (whereupon  it  becomes 
pasty,  and  ultimately  solid  and  friable),  collected  on  a  filter,  pressed, 
and  placed  over  oil  of  vitriol,  before  it  can  take  up  water  from  the  air. 
The  mass,  which  becomes  brittle  in  24  hours,  is  triturated  and  dried  for 
a  month  over  chloride  of  calcium.  White  or  brownish  powder  having 
the  taste  and  the  other  characters  of  tannic  acid.  Soluble  in  water, 
not  in  absolute  alcohol.  Contains  from  49*2  to  50*15  p.  c.  carbon, 
4*7  to  5*5  hydi'ogen,  and  2*8  to  3*5  nitrogen,  whence  Knop  calculates 
the  formula  C"H»NO"«  =  2C"nH3"  -h  C«H«0>  4  NH»  (Knop,  Che$n. 
Centr.  1860,  278;  abstr.  Rep.  Chim.  pure,  2,  372).  Till  the  presence  of 
acetODO  in  this  compound  has  been  actually  demonstratedi  we  may  be  allowed  to  regard 
it  OB  tannate  of  ammonia  (p.  463).     Kr. 

Taimic  acid  does  not  unite  with  urea.  (Hlasiwetz  Wien.  Akad. 
Ber.  20,  208).  —  It  does  not  dissolve  in  picamar  (p.  162)  even  at  the 
boiling  heat  (Reichenbach,  Schw.  68 ,  355).  —  It  dissolves  in  6  pts, 
glycerin  (Cap  &  Garot,  X.  J.  Pharm.  26,  81 ;  Fharm.  Viertelj.  4,  271)  ; 
in  hitter-alinond  oil  in  almost  all  proportions,  the  solution,  which  turns 
brown  in  contact  with  the  air,  slowly  depositing  crystals  of  benzoic 
acid  (Knop).    It  dissolves  in  other  oils,  both  fixed  and  volatile. 
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Tannic  acid  precipitates  the  alkaloids  from  their  saline  sohitions 
(see  vii,  185).  It  precipitates  starck-solution  and  albumin.  — From 
solution  of  gelatin^  it  throws  down  a  white  precipitate,  which  dissolves 
in  excess  of  the  gelatin,  especially  when  heated;  if  obtained  with 
excess  of  tannic  acid,  it  presents  the  aspect  of  a  grey,  highly  elastic, 
not  perfectly  soluble  skin.  Addition  of  a  large  quantity  of  common 
salt  makes  the  tannate  of  gelatin  quite  (Wackenroder)  or  nearly 
insoluble  (Fr.  Miillerl  Tannic  acid  unites  with  animal  akin  [but  not 
in  atomic  proportion  (Knop,  DingU  149,  305  and  378)],  forming  tanned 
leather. 


Appendix  to  Qallo-tannic  Acid. 
A. — Morintanmc  Acid  and  Morin. 

Morintannic  Acid. 

R.  Wagner  (1850).  J.  pr.  Chem.  51,  82;  abstr.  Pharm.  Centr.  1851, 
33 ;  An7i.  Pharm.  76,  349.  —  J.  pr.  Chem.  52,  449 ;  abstr,  Ann. 
Pharm.  80,  315  ;  Pharm.  Centr.  1851,  385  and  406 ;  N.  J.  Pharm. 
22,  66;  Compt.  chim.  1851,  104. 

Different  from  tho  Moringie  acid  of  Walter  {Compt.  rend.  22,  1143).  According 
to  Delffs  (iST.  J.  Pharm,  14,  166;  Kopp't  Jahretber.  1860>  278),  morintannic  acid  is. 
a  mixture  of  a  yellow  uncrystallisable  tannin  with  morin,  and  may  be  converted  into 
colourless  morin  by  recrystallisalion  from  water. 

Occurrence.  In  tho  yellow  wood  of  Mactura  tinctoria  {Handh.  viii, 
Zoochmn.  76.)  The  deposit  in  the  middle  of  the  blocks  consists  chiefly 
of  this  acid. 

Formation.  Rufimoric  acid  is  converted  into  morintannic  acid  by 
boiling  with  aqueous  alkalis. 

Preparation.  The  block  is  split  lengthwise,  and  the  dirty  yellow, 
here  and  there  flesh-coloured  lumps,  having  a  red-brown  crystalline 
fracture,  which  are  deposited  in  the  middle  of  it,  are  separated  with  a 
chisel.  They  are  purified  by  repeated  crystallisation  from  boiling 
water,  and  then  dissolved  in  a  larger  quantity  of  boiling  water  acidu- 
lated with  hydrochloric  acid.  The  solution,  which  becomes  turbid  on 
cooling,  ill  consequence  of  the  separation  of  a  reddish  resin,  is  repeat- 
edly filtered  till  it  remains  clear,  then  left  to  itself,  the  acid  slowly 
separating  in  the  form  of  a  light  yellow  crystalline  powder. 

Properties.  Light  yellow  powder  consisting  of  microscopic,  pale 
yellow,  transparent  needles.  Has  a  sweetish  astringent  taste,  like  the 
inner  bark  of  the  walnut.    Reddens  litmus. 
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Isomeric  with  norin.  —  Gerbardt  {TraiU,  3,  8ft9)  regards  Oe  Ibnnvlc  i^BP^ 
and  C<*H»0*  m  likewise  possible.  Hlaslwets  (Amk,  Pharm.  107,  247)  si^;«esCB  the 
fonnnk  C^^HK)*,  regarding  morinUnoic  acid  as  probably  homologona  with  lecuoric 
acid  (xii,  577)  and  eremic  add.  Hlasiwetx's  lonm«la  would  explain  the  resolatkn  d 
morinUnnie  acid  into  carbonic  acifi  and  pjrrocatechin,  C''*H*€)i^»2CO^'i-C°HH)*.>- 
Respecting  the  formula  of  morintannic  acid,  see  also  Laurent  (Compt,  rend,  35,  161} 
and  Wagner's  reply  (/.  pr,  CJkem.  57,  441).  also  Strecker  {Ann.  Phmrm.  90,  572). 

Decompositions,  1.  The  acid  dried  at  100**,  melts  in  the  metal-bath 
at  200  **,  gives  off  at  250®,  a  strongly  acid  water,  and  is  conv^ted 
into  a  brown-black  liquid,  which  decomposes  completely  between 
270°  and  300°,  evolving  a  large  quantity  of  carbonic  acid,  and  yielding 
a  brown  distillate,  consisting  of  carbolic  acad  and  pyrocatechin 
(xi,  379)  the  latter  solidifying  in  the  crystalline  form  on  cooling. 

Wagner  at  first  doubted  the  identity  of  the;  prystals  with  pyrocatechin,  but  Eissfeitit 
{Ann.  Pharm.  92,  106)  confirmed  it.  —  Morintannic  acid  distilled  with  excess  of  line 
yields  a  liquid  soluble  in  water,  and  containing  pyrocatechin.  —2.  AVlien  aqneOQS 

morintannic  acid  is  left  for  three  months  in  a  closed  vessel  exposed  to 
the  sun,  the  smell  and  taste  of  carbolic  acid  are  developed,  andtheliqnid 
yields  that  acid  when  distilled.  —  3.  Morintannic  acid  triturated  with 
oil  of  vitriol  forms  a  brown-yellow  solution,  which  after  standing  for 
some  time,  deposits  brick-red  rtifitannic  acid,  and  when  teated,  gives 
off  sulphurous  acid  with  a  strong  odour  of  carbolic  add.  No  sugar  is 
formed  in  this  reaction,  or  only  a  trace  after  very  long  boiling  with 
dilute  sulphuric  acid.  (Wagner,  J",  pr.  Chem.  57,  442,  and  61,  504.)— 
4.  OhUnine  passed  into  aqueous  morintannic  acid  forms  a  brown  resin. 
—  6.  Morintannic  acid,  boiled  for  some  time  with  strong  hydrockkrie 
acidy  emits  the  odour  of  carbolic  acid,  and  decomposes  completely,  with 
separation  of  mould.  On  boiling  it  with  dilute  hydrochloric  ado,  a  red 
solution  is  formed,  which,  after  a  few  days,  deposits  rufimoric  add.— 
6.  With  boiling  dilute  rdtt-ic  add^  it  forms  a  brown  resin  soluble  m  hot 
alcohol,  together  with  oxalic  acid.  The  red-brown  solution  in  OTrong 
nitric  acid  yields,  on  evaporation,  pale  yellow  plates  of  styphnic  add 
(xi,  228).  —  7.  The  dark  yellow  solution  of  morintannic  acid  in  cowtic  or 
carbonated  alkalis  soon  turns  brown,  and  afterwards  brown-black  when 
exposed  to  the  air.  —  8.  The  acid  detonates  violently  when  triturated 
with  chlorate  of  potash.  —  9.  When  triturated  with  peroxide  of  nian^' 
nese  and  sulphuric  acid,  it  rapidly  gives  off  carbonic  acid,  and  is  com- 
pletely decomposed,  with  production  of  formic  acid. — 10.  When 
aqueous  morintannic  add  is  boiled  with  peroxide  of  lead,  the  latter 
assumes  a  reddish  yellow  colour,  the  Hquid  becomes  decolorised,  and 
retains  only  a  trace  of  lead  in  solution,  and  the  resulting  insoluble  lead- 
salt,  decomposed  by  hydrosulphuric  acid,  yields  a  humous  add.  The  aoid 
triturated  with  dry  peroxide  of  lead,  takes  fire,  emits  sparks,  and  gives 
off  a  pungent  odour.  — 11.  It  is  completely  destroyed  by  chromic  acidi 
giving  off  the  odour  of  carbohc  acid,  and  forms  a  red-brown  precipi- 
tate when  heated  with  aqueous  bichromate  of  potash.  — 12.  Heat^ 
with  aqueous  cujmc  acetate,  it  deposits  cuprous  oxide;  it  reduces 
mercuric  chloride  to  mercurous  oxide,  after  heating  with  potash; 
carbonate  of  silver  even  in  the  cold ;  nitrate  of  silver,  after  boiling  with 
ammonia ;  terchloride  of  gold  in  the  cold.  — 13.  Boiled  with  ferrocyanidA 
of  potassium,  it  eliminates  prussic  acid,  and  deposits  yellow-brown 
flocks.  When  boiled  for  some  time  with  ferricyanide  of  potassium^ 
it  gives  off  a  large  quantity  of  prussic  acid,  and  separates  prussian 
blue. 
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Comhinattons.  Mormtannic  acid  dissolves  in  6*4  pts.  water  at  2(fj  and 
in  2*14  pts.  boiling  water,  forming  a  yellow  solution. — The  aqueous  acid 
is  not  altered  by  phosphoric,  sulphuric,  hydrochloric,  or  arsenic  acid,  being 
thereby  distinguished  from  gallotannic  acid.  The  solution  of  the  acid 
in  bnilmg  water,  mixed  with  boracic  add,  jrields,  on  cooling,  a  jelly  made 
up  of  extremely  fine  kminse. 

Morintannic  expels  carbonic  acid  from  alkaline  and  earthy  carbonates 
at  the  boiling  heat,  but  not  in  the  cold ;  also  prussic  acid  from  cyanide 
of  potassium.  It  diftsdlvetf  with  deep  yellow  colortir  in  caustic  alkalis 
and  alkaline  carbonates, 

Morintannate  of  Lime.  —  Aqueous  morintannic  acid  is  boiled  with 
carbonate  of  lime,  as  long  as  carbonic  acid  continues  to  escape ;  the 
liquid  is  filtered  at  the  boiling  heat ;  the  yellow-brown  flocks  which 
separate  after  some  hours,  are  collected  on  a  filter  and  dissolved  in 
alcohol ;  and  the  filtered  solution  is  precipitated  by  pouring  it  into  ten 
times  its  volume  of  water.  The  yellow  microscopic  crystals  which 
then  fall  to  the  bottom,  contain,  after  pressing  and  drying  at  lOO*', 
7*7  p.  c.  lime,  and  after  one  recrystallisation,  7'18  p.  c.  (CaO,2C"H*0* 
4-  HO  =  7*12  p.  c.  CaO.)  —  This  salt  exactly  resembles  the  lime-com- 
pound of  morin  (p.  479)  in  appearance,  and  in  its  behaviour  when 
heated  and  towards  solvents,  but  it  is  precipitated  blackish  gteen  by 
aqueous  ferric  chloride,  whereas  the  lime-compound  of  morin  is  reddened 
thereby. 

Morintannic  acid  precipitates  iartar-emetic  yellow-brown  *,  protochlo- 
ride  of  tin  reddish  yellow. 

Morintannate  of  Lead.  —  a.  Bibasic  f  —  When  a  boiling  aqueous  solu- 
tion of  morintannic  acid  is  precipitated  by  basic  acetate  of  lead,  the 
chrome-yellow,  non-crystaUine  precipitate  contains,  after  washing  and 
drying,  from  56*9  to  67-5  p.  c.  lead-oxide  (2PbO,C»H«0«  =  66-5  p.  c. 
PbO.) 

b.  4  cU.  Base  to  3  at.  Acidt  —  1.  The  aqueous  acid  is  precipitated 
by  neutral  acetate  of  lead ;  the  chrome-yellow  precipitate  is  dissolved 
in  boiling  water ;  and  the  lemon-yellow  crystalline  powder  which  pre- 
cipitates on  cooling,  is  collected.  The  filtered  mother-liquor,  when 
left  to  stand  for  some  time,  deposits  flocks  of  variable  composition, 
which  constitute  the  sole  product,  if  the  boiling  has  been  too  long 
continued.  —  2.  When  hydrate  of  lead  is  boiled  with  the  aqueous 
acid,  and  filtered  hot,  crystals  are  likewise  obtained,  and  the  mother- 
liquor  turns  brown  from  partial  decomposition.  The  salt  is  likewise 
coloured  dark-brown  by  dilute  nitric  acid. 

at  100*.  Wagner. 

54  C 324    32-17  32*01 

21  H   21     208  217 

27  O  216  21-45  21-55 

4  PbO  446  44-80  4427 


3C»H'0»,4PbO 1007  10000  10000 

Gerhardt  (TVat/^,  3,  891)  resolves  this  formula  into  3C"Hi'Fb^O»  +  2(PbO,HO) 
+  4aq. 
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Aqueous  morintaiinic  acid  forms  a  green-black  pre<jpitate  witik 
ferrous  sulphate^  soluble  with  yellow-brown  colour  in  acetic  acid.  Froa 
excess  oi  ferric  hi/drochlorate  it  throws  down  a  black-green  precipitate, 
which,  after  washing  and  drying  at  100"*,  contains  13*2  p.  c  fenk 
oxide  (Pe^CSCWH^O' »  13*8  p.  c  Fe«0^,  It  forms  a  yellow-browTi  pred^ 
tato,  with  protochloride  of  tiriy  and  throws  down  yellow  floc^B  after  ft 
while  from  the  bichloride. 

It  dissolves  easily  in  wood-spirit^^  alcohol^  and  ether.  The  concen- 
trated ethereal  solution  is  greenish  by  reflected,  yeUow-brown  by  trans- 
mitted light.  —  It  is  insoluble  in  rock-oU^  oil  of  turpentine  SLndfa^ed  oik 
—  It  is  completely  precipitated  by  solution  of  gelatin  (Wagner). 


Bufimoric  Acid. 

Wagnee.    J.  pr,  Chem.  52, 462. 

Formation.  When  morintannic  acid  is  dissolved  in  oil  of  vitriol  or 
boiled  with  hydrochloric  acid.  The  reaction  is  not  attended  with  the 
evolution  of  any  gas  except  traces  of  sulphurous  acid. 

Proportion.  1.  Pulverised  morintannic  acid  is  triturated  with  oil  of 
vitriol ;  the  brick-red  mass  which  separates  after  standing  for  some 
time  is  collected,  washed  with  cold  water  till  the  water  scarcely  red- 
dens litmus,  then  dissolved  in  the  smallest  possible  quantity  of  boiling 
alcohol ;  the  greater  part  of  the  alcohol  is  removed  from  the  filtrate  by 
evaporation ;  and  the  rufimoric  acid  is  precipitated  by  pouring  the 
liquid  into  50  times  its  volume  of  cold  water.  The  bulky  red  flocks  arc 
washed  on  the  filter  with  cold  water,  pressed  between  paper,  and  dried 
without  warming.  When  the  quantity  of  material  is  some^what  con- 
siderable, the  precipitate  coagulates  into  a  viscid  mass,  which  is  apt  to 
enclose  sulphuric  acid ;  hence  it  is  better  to  operate  with  small  qnan- 
tities.  —  2.  The  red  solution  obtained  by  digesting  morintannic  add 
with  oil  of  vitriol  is  diluted  with  water,  exactly  neutralised  with  car- 
bonate of  soda,  and  acidulated  with  a  few  drops  of  acetic  add  ;  the 
boiling  solution  is  precipitated  with  acetate  of  copper ;  and  the  red- 
brown  precipitate  is  decomposed  under  water  with  hydrosulphuric  acid. 
The  greater  part  of  the  rufimoric  acid  Uien  remains,  mixed  with  the 
sulphide  of  copper,  and  may  be  extracted  by  boiling  alcohol  and 
obtained  in  the  solid  state  by  evaporating  the  alcoholic  solution. 

Properties.  Dark  red  mass,  yielding  a  powder  of  a  fine  red  colour. 
The  solution  has  an  acid  reaction. 

Wagner. 
at  100^  meon, 

14  C 84    54-19     54-29 

7  H 7     4-52     4-54 

8  0 64     41-29     41-17 

C"H708 155    100-00    lOO'OO 

Perhaps  indentical  with  carminic  acid.    (Wagner.) 
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Decomposittom,  1.  Rufimoric  acid  is  not  altered  at  130®,  but  when 
more  strongly  heated^  it  gives  off  vapours  which  partly  condense  to 
colourless  crystals  of  pyrocatechin  (xi,  379).  —  2.  Chlorine^water  con- 
verts it  into  brown  flocks. -^3.  With  hot  nitric  acid,  it  forms  a  yellow 
solution  containing  oxalic  acid,  and  an  acid  different  from  picric  acid.  — 
4.  The  dark  red  solution  in  potash-hy  or  hai^yta-water  becomes  dark 
yellow  when  boiled,  the  rufimoric  acid  being  then  converted  into 
morintannic  acid  and  the  products  of  its  decomposition  by  alkalis. 

Combinations,  Rufimoric  acid  is  but  slightly  soluble  in  pure  water ^ 
but  in  presence  of  the  smallest  quantity  of  ammonia  it  dissolves  in  all 
proportions.  —  With  oil  of  vitriol  it  forms  a  red  solution,  only  partially 
precipitable  by  water.  —  It  dissolves  in  hydrochloric  acid, 

Rufimoric  acid  dissolves  in  alkalis  and  aUcalint  carbonates^  fonning 
a  wine-red  solution,  which  exhibits  a  tinge  of  yellow  if  morintannic 
acid  is  also  present.  The  carmine-coloured  solutions  are  but  very 
slowly  decolorised  in  contact  with  the  air.  Alcoholic  potash,  added  to 
alcoholic  rufimoric  acid,  throws  down  a  dark  red,  viscid  precipitate.  — 
With  chloride  of  barium^  alum,  or  protochloride  of  tin  (after  addition  of 
ammonia),  it  forms  dark-red  lakes. 

Hufimorate  of  Lead,  —  The  acid  forms  a  dark  red  precipitate  with 
neutral  acetate  of  lead,  cherry-red  with  nitrate  of  lead.  The  salt 
is  prepared  by  precipitating  the  alcoholic  solution  of  the  acid  with 
alcoholic  acetate  of  lead,  washing  the  precipitate  with  alcohol,  and 
drying  it  at  100°.  Dark  scarlet  powder,  insoluble  in  water  and  alcohol, 
but  soluble  with  yellow-red  colour  in  acetic  acid,  with  carmine-colour 
in  potash-ley.  Contains  from  59*1  to  59*4  p.  c.  PbO.,  and  is  therefore 
perhaps  2PbO,C"ffO  (calc.  59-1  p.  c.  PbO). 

Rufimoric  acid  colours  ferric  hydrochloratc  green,  without  forming  a 
precipitate. 

Rufimorate  of  Copper,  —  The  acid  throws  down  from  cupric  acetate, 
brown-red  flocks,  which,  after  washing  and  drying  at  100°,  contain,  on 
the  average,  27*7  p.  c.  cupric  oxide,  and  are  therefore  3CuO,2C**H''0" 

(calc.  27'75  p.  c.  CuO). 

Rufimoric  add  forms  a  brown-red  precipitate  with  mercurous 
nitrate^  reddish  with  mercuric  oxide.  It  does  not  precipitate  nitrate  of 
silver. 

It  dissolves  readily  in  alcohol^  sparingly  in  ether. 


Morin. 

Chevreul.  (1880).  J,  Chim,  mdd,  6,  158. — Chimie  appliqiiie  a  la  teinture, 
2,  150. 

R.  Wagnbr.  J,  pr,  Chem,  51,  82  ;  abstr.  Pharm,  Centr.  1851, 33 ;  Ann, 
Pharm,  76,  847;  Chem,  Oaz,  l^blj  2\  ^  N,  J,  Pharm,  19,  149.— 
J,  pr,  Chem,  52,  449 ;  abstr.  Ann,  Pharm,  80,  315  ;  Pharm,  Centr, 
1851,  385  and  406  ;  N,  J.  Pharm,  22,  66  ;  Compt,  chim,  1851,  104. 
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The  yellow  die  from  the  yellow  wood  of  Mactura  tindoria  (J7«iA,vi, 

Phytockem,  76). —  Preisaer'a  statements  (p.  28;   Comp.  Rm.  9eieni,  16,  d7;  J.fr, 
Chem,  32,  155), 

^Preparation.  The  decoction  of  the  yellow  wood  is  evaporated  to  ft 
weight  equal  to  that  of  the  wood  employed,  and,  after  a  day  or  two, 
the  yellow  sediment  is  collected  on  a  filter ;  the  filtrate  concentrated 
and  set  aside,  yields  an  additional  quantity  of  tliis  deposit,  while 
morintannic  acid  remains  in  solution.  On  pressing  the  yellow  sediment 
dissolving  it  in  boiling  alcohol,  and  pouring  the  solution  into  ten  times 
its  volume  of  cold  water,  yellow-brown  flocks  of  the  lime-compoimd 
of  morin  are  deposited ;  they  may  be  purified  by  washing  them  with 
cold  water,  dissolving  them  three  or  four  times  in  alcohcd,  *  and  pre- 
cipitating with  water ;  100  pts.  of  the  lime-compound  of  morin  vob 
obtained,  are  boiled  with  12  pts.  of  oxalic  acid  crystals,  and  15-60  pts. 
alcohol  ol  75  p.  c. ;  the  liquid  is  filtered  at  the  boiling  heat  into  lOO 
times  its  volume  of  water,  and  the  morin,  which  separates  in  the  fonn 
of  a  yellowish  white  ciystaiiine  powder,  is  redissdved  in  alcc^ 
reprecipitated  by  water,  and  dried  at  100^,  avoiding  contact  with  the 
air.  (Wagner.) 

Properties,  White  crystalline  powder,  which  acquires  a  faint  yellow 
colour  in  contact  with  air  (containing  ammonia).  Exiiibits  a  digbt 
acid  reaction  in  solution.  Has  a  slightly  bitter  not  astringent  taste. 
(Wagner.) 

Wagner. 


ISC 108     55-10    55-17 

8  H „      8     4-88     4-15 

10  0 80 40-82    40-e8 

C»H80»«    ....  196    100-00    100-00 

Isomeric  with  morintannic  add  (p.  473).    Dellft  {Brii.  A  $90c,  Kep,  1861,  pt  2, 78) 
g&m  the  ferMU  Q^^BK^^tUO, 

Decompositions.  I,  Morin  gives  off  water  when  heaud  to  180''  s  H 
does  not  undergo  any  further  alteration  at  250°,  but  Ua<^ena  at  aboat 
S00°,  giving  off  carbonic  scid,  and  yielding  a  dktillate  of  caiiioiic  add 
and  pyrocatechin  (xi,  379),  the  latter  of  which  scdidifies  in  the  cfys- 
talline  form  on  cooling.  —  2.  It  dissolves  in  oil  of  vitriol^  with  di* 
yellow-brown  colour,  and  the  odour  of  castoreum;  dbe  eolution  d^)06its 
a  red  body  when  warmed  or  left  at  rest,  and  decomposes  when 
heated,  giving  off  sulphurous  and  carbolic  acids.  —  3.  With  strong  nitric 
acid  it  forms  a  red  solution,  which,  when  evaporated,  gives  off  red 
vapours,  and  deposits  large  yellowish-white  tables  of  styphnic  acid. 
—  4.  The  aqueous  solution  of  moiin  does  not  absorb  oxygen  from  the 
air ;  but  if  mixed  with  ammonia^  it  turns  brown,  and  blackens  in  con- 
tact with  the  air ;  acids  then  precipitate  from  it,  not  morin,  but  a 
humous  substance,  perhaps  metagallic  acid  (p.  458). — ^^5.  From  cttpric 
acetate  or  mlphate^  it  reduces  cuprous  oxide  on  boiling  with  potash. 
It  reduces  nitrate  of  silver^  especially  after  addition  of  ammonia. 
(Wagner.) 

Combmaiions.  Morin  dkseolves  in  4000  parts  of  cold,  and  in  1060  pts. 
of  boiling  water.    It  dissolves  without  colour  in  aqueous  sulphuric, 


CINCH0NA*TANN1C  ACID.  479 

hydrochloric^  phosphoricy  o/cetiCf  oxaUc,  or  tartaric  add.  It  dissolveB  with 
yellow  colour  in  oil  of  vitriol^  and  is  precipitated  by  water*  —  It  dis- 
Bolves  with  fine  yellow  colour  in  aqueous  solutions  of  dUcaUs  and 
aUcaUne  carbonates.  Aqueous  monn  containing  traces  of  fixed  alkalis 
turns  yellow  in  the  air,  from  absorption  of  ammonia. 

Baryta-compound  of  Morin,  —  When  morin  is  boiled  with  re^^ently 
precipitated  carbonate  of  baryta  and  water,  the  filtrate  leaves  on 
evaporation,  a  red-brown  powder,  which,  at  100**  contains,  on  the 
average,  22*2  p.  c.  baryta,  agreeing  appro wnately  with  the  formula 
C72Hao«o,3BaO.  (Wagner). 

LimC'Compound.  —  The  lime-compound  of  morin,  which  is  obtained 
from  the  decoction  of  yellow  wood,  and  separates  from  alcohol  in 
sulphur-yellow  crystals,  gives  off  2  at.  water  at  100"*,  and  then  con- 
tains 6'83  p.  c.  lime,  agreeing  nearly  with  the  formula  2C"H*0*,CaO,HO 
(calc.  7-12  p.  c,  CaO.)    (Wagner). 

Aqueous  morin  precipitates  alum^solutions  light  yellow,  after  addition 
of  ammonia. 

Lead-compound.  Alcoholic  morin  added  to  alcoholic  acetate  of  lead, 
produces  a  light  yellow  precipitate,  which  becomes  black-brown  when 
dry,  and  contains 44*1,  45'6  to  472 p.  c.  lead-oxide.  (Wagner.) 

Aqueous  morin  forms  a  lemon-yellow  precipitate  with  proto- 
chloride  of  tin.  It  precipitates  ferrotts  sulphate  olive-green,  and  colours 
ferric  chloride  garnet-red  (or  in  presence  of  morintannic  acid,  blackish 
green.) 

Morin  dissolves  easily  in  alcohol,  forming  a  dark  yellow  solution, 
from  which  it  is  precipitated  by  water.    It  dissolves  readily  in  ether. 

(^Wagner.)  According  to  CbeTreul,  it  is  precipitated  from  ltd  t^ueons  solation  bj* 
■olvtion  of  gelatin;  according  to  Wagner  it  is  not. 


B. — Tannic  Acids  (a$id  alUed  bodies)  from  Cinchona-barks. 

L  Cinchonataimic  Acid. 

Berzelius.    Lehrbuchy  3  Aufl.  6,  246. 
Pelletier  &  Caventou.    Ann.  Chim.  Phys.  16,  837. 
R.  ScHWARZ.     Wien.  Akad.  Ber.  7,  249 ;  J.  pr.  Chan.  66,  76 ;  abstr. 
Ann.  Pharm.  80,  330 ;  Pharm.  Centr.  1852,  198. 

Cinchona-barks  contain  a  tannic  acid  different  from  gallotannic 
acid,  which  imparts  to  them  the  property  of  precipitating  tartar-emetic 
greyish  yellow,  imparting  a  green  colour  to  ferric  salts,  and  pre- 
cipitating solution  of  gelatin.  (Bersseiius).  —  The  tatmin,  both  from 
brown  and  from  red  cindiona-bark  precipitates  ferric  salto  dark  giteen ; 
that  from  yellow  cinchona  baric  forms  a  lighti^  green  predpitate  with 
ferric  salts.  (Pdletier  A;  Cayentott.)-«-8tbwan  eKauiaed  qwnotuuic  aod 
prepared  from  China  regie. 
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Preparation.    1.  The  decoction  of  cinchona  bark  is  mixed  with  a  small 
quantity  of  calcined  magnesia,  which  precipitates  cinchona-red ;   the 
filtrate  is  precipitated  with  neutral  acetate  of  lead ;  the  precipitate  is 
decomposed  under  water  by  hydrosulphuric  acid ;    the  liquid  filtered 
from  the  sulphide  of  lead  (chinovin  and  a  httle  cinchona-red)  is  pre- 
cipitated witn  basic  acetate  of  lead;   the  precipitate    separated  by 
filtration  is  dissolved  in  dilute  acetic  acid  (which  leaves  cinchona-red 
undissolved),  and  the  filtrate  is  precipitated  by  ammonia.     The  li^t 
yellow  precipitate  is  washed  and  decomposed  by  hydrosulphori?  add, 
and  the  liquid  filtered  from  the  sulphide  of  lead  is  again  precipitated 
with  an  alcoholic  solution  of  neutral  acetate  of  lead.     If  the  cinchona- 
tannate  of  lead  thus  obtained  be  decomposed  under  water  by  hydro- 
sulphiuric  acid,   and  the  liquid,  filtered  from  the  sulphide  of  lead, 
evaporated  in  vacuo  over  oil  of  vitriol  and  a  mixture   of    ferrous 
sulphate  and  lumps  of  potash,  cinchonatannic  acid  remains  behind, 
already  somewhat   altered.    (Schwarz.)  —  2.  The  bark  is   exhausted 
with  water  at  60**,  containing  1  or  2  p.  c.  oil  of  vitriol ;  the  filtrate  is 
mixed  with  carbonate  of  potash,  which  throws  down  a  compound  of 
cinchonatannic  acid  with  excess  of  quinine  or  cinchonine ;  and  tins  com- 
pound is  washed  on  the  filter  with  a  small  quantity  of  water,  during 
which  it  turns  red  in  consequence  of  the  oxidation  of  part  of  the 
tannic  acid;  it  is  then  dissolved  in  dilute  acetic  acid,  the  oxidised 
extractive  matter  remaining  in  combination  with  the  acetic  acid ;  the 
liquid  is  precipitated  with  basic  acetate  of  lead  (the  ooloorleas  soIqiiod 

retaining  quinine  and  cinchonine,  which  may  be  further  worked  up)  ;  the    precilH- 

tated  cinchonatannate  of  lead  is  decomposed  by  hydrosulphoiic  add ; 
and  the  filtrate  is  evaporated  in  vacuo.  (Berzelius.)  Or  the  above- 
mentioned  acid  extract  is  boiled  with  hydrate  of  magnesia ;  the  liquid 
is  filtered;  the  residue  containing  magnesia,  cinchonatannic  add, 
quinine,  and  cinchonine,  is  dissolved  in  dilute  acetic  acid ;  the  solution 
filtered  from  the  cinchona-red,  is  precipitated  by  basic  acetate  of 
lead ;  and  the  precipitate  is  decomposed  as  above.  (Berzelius.) 

The  cinchonatannic  add  obtained  by  method  2,  may  be  purified  bv 
dissolving  it  in  a  small  quantity  of  water,  and  evaporating  the  filtrate 
in  vacuo, — or  better  by  solution  in  ether  and  evaporation.  (Berzelius,) 

Properties.  Light  yellow,  friable,  very  hygroscopic  mass,  which 
becomes  electric  by  friction.  Has  a  slightly  sour,  somewhat  astringeiit 
taste,  but  is  not  at  all  bitter. 

Calculation  according  to  Schwars.  Scluren. 

42  C 252     44-84    44-75 

30  H 30    5-33    5-49* 

35  0 280    49-83    49-76 

C«H»0» 662    100-00    100-00 

Schwans  regards  the  lubstanoe  analysed  as  a  mixture  of  2  at.  oxidised  tannic  add 
Qi4{{ioois,  and  1  at.  unaltered  tannic  acid  C^^H"0'  +  2aq. 

Decompositions.  1.  Cinchonataimic  acid  heated  to  100^  in  a  stream 
of  carbonic  acid,  acquires  a  deep  red  colour ;  if  water  be  then  poured 
upon  it,  a  red-brown  resm  separates.  (Schwarz.)  When  subjected  to 
dry  distillation,  it  emits  a  faint  odour  of  carbolic  acid,  and  yields  a 
distillate,  which  exhibits  towards  alkalis  in  contact  with  the  air,  and 
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towards  ferric  cliloiido,  the  same  reactions  as  pynxjatecliiii  (xi,  370). 
(Schwarz.) — 2.  Its  aqueous  solution,  when  evaporated  by  heat,  deposits 
a  red-brown  powder ;  after  tlie  residue  has  been  exhausted  with  water, 
a  compound  of  cinchonataunic  acid  with  cinchona-red  remains  imdis- 
solvcd ;  and  finally  the  acid  is  completely  converted  into  cinchona-red. 
(Berzelius.)  —  The  aqueous  solution  of  dnchonatannic  acid,  especially 
u  supersaturated  with  alkalis  or  alkaline  earths,  absorbs  oxygen, 
and  acquires  a  darker  colour.  (Berzelius.)  In  this  reaction,  products 
are  formed,  which  may  be  regai'ded  as  compounds  of  a  body  contain- 
ing C*'H'0*,  with  oxygen  and  water.  (Schwarz.) 

a.  Aqueous  cinchonatanuic  acid  deposits,  on  addition  of  water,  a  red- 
brown  substance,  which,  when  washed  and  dried  at  100°,  contains  55*35 
p.  c.  carbon,  5*68  hydi-ogen,  and  38*97  oxygen,  and  may  be  represented, 
according  to  Schwarz,  by  the  formula  G*»IP»0»,  or  SO^H^O*  +  HO. 

(calc    55*38    p.  c.    C,   5'64    H.,  and  38*93   O.)      From  the  filtrate,    dilut^i 

sulphuric  acid  separated  red  flocks,  easily  soluble  in  alcohol,  and 
sparingly  in  water,  and  containing  at  100°,  38*87 p.  c.  C,  481  H., 
and  56*32  0. :  according  to  Schwarz  =  C"HW,  or  =  C^H'^O"  -h  2aq. 
(calc.  38'91  C,  4*86  H.«  and  56-23  O.)  — 6.  Cinchonataunic  acid  in  contact 
with  ah*  and  ammonia,  rapidly  absorbs  oxygen,  then,  on  addition  of 
dilute  sulphuric  add,  gives  off  carbonic  acid  ^  the  volume  of  which, 
however,  is  less  than  that  of  the  oxygen  absorbed — and  deposits  red- 
brown  flocks,  probably  consisting  of  cinchona-red.  —  c.  Cinchonatan- 
nate  of  lead  dried  at  100°,  in  contact  with  the  air,  was  found  to 
contam  54*3  p.  c.  PbO.,  and,  after  deduction  of  this,  47*92  p.  c.  C, 
4*85  n.,  and  47*23  0.,  showing  that  it  had  been  convei*ted  into  C*»HW 

(caJc.  47-67  p.  c  C,  4-63  g.,  and  4770  O.).  (Schwarz.) 

3.  Cinchonataunic  acid,  heated  with  aqueous  hydrochloric  acid,  is  de- 
composed, with  separation  of  red  flocks,  which  dissolve  with  leek-green 
colour  in  aqiieous  alkalis.  (Schwarz.)  —  4.  When  heated  with  potash- 
ley  it  loses  tne  power  of  precipitating  gelatm,  and  does  not  recover  that 
power  even  after  supersaturation  with  acids.  (Pelletier  &  Caventou.) 

Cinchonatanuic  acid  dissolves  readily  in  water. 

From  the  concentrated  aqueous  solution,  kydi*ochloric  and  sulphuric 
acids  throw  down  compounds  of  cinchonataunic  acid  with  the  acids,  but 
less  easily  than  from  aqueous  gallotannic  acid.  (BerzeUus.) 

It  imites  with  hoses,  forpiing  easily  alterable  salts,  which  split  up 
into  dnchona-red  ajid  a  carbonate,  especially  if  they  contain  excess  of 
base.  (Berzelius.)  From  a  concentrated  aqueous  solution  of  cinchona- 
tanuic acid,  carbonate  of  potash  throws  down  a  sparingly  soluble 
compound  which  soon  turns  red.  (Berzelius.) 

Cinchonatannate  of  Lead.  Preparation,  see  above.  The  salt,  dried  in 
vacuo  over  oil  of  vitriol  and  a  moist  iQixture  of  ferrous  sulphate  and 
lumps  of  potash,  contains  53*5  p.  c.  lead-oxide,  and  after  deduction 
of  this,  55-70  p.  c.  C,  4*60  H.  and  39*70  0.,  and  is,  therefore,  C"H"0" 
(calc.  55-81  C,  4*31  H.,  39-88  O.)  +  3FbO.  (Schwarz.)  The  lead-salt  dried 
at  lOO"*  contains  49*20  p.  c.  lead-oxide.  (Reichhardt.) 

Cinchonataunic  acid  dissolves  easily  in  alcohol  and  ether.  (Berzelius.) 
With  starch,  gelatin,  and  white  of  egg,  it  behaves  like  gallotannic  acid. 
The  aqueous  solution  mixed  with  the  latter  acid,  dries  up  to  a  trans- 
parent extract.  (Beraelius.) 
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2.  Cinchona-red. 

Pelletier  &  Caventou.     Ann.  Chim,  Phya*  15,  315. 
R.  ScHWAHZ.     Wien.  Akad.  Ber.  7,  255. 

Keichhardt.       Uebei'    die    chemischen    Bestandtheik    det'    Chinarinden, 
Braunschw.  1855. 

Oxidised  Tannin  qf  Cinchona^bark,  Rouge  einchonique,  MoUih^  eoloranie  rouge 
dn  Quinquina.  —  KeuM  (G6ti»  Am.  1812,  601)  flrtt  distinguished  the  non-bitter 
constitaeat,  insoluble  in  water,  of  the  alcoholic  extract  of  cinchona-bark,  by  the  nama 
of  Rouge  einchonique.  The  cinchona-red  of  Schwan  exhibits  different  properties  from 
that  of  Pelletier  h  Caventoa,  the  difference  arising,  according  to  Schwarz,  from  the 
presence  of  humous  substances ;  but,  according  to  Reichhardt  (Wien.  Akad.  Ber, 
30,  169),  pure  cinchona-red  was  obtained  only  bj  Schwarz,  whereas  that  of  Pelletier  & 
Caventou  likewise  contained  quinoyine.  ^-  Guiraud-Boissenot  (iV.  J.  Pharm,  25,  199) 
distinguished  between  soluble  and  insoluble  cinchona-red. 

Formation.     From  cinchonatannio  acid  by  oxidation  (p,  481). 

Odcurrence.  In  brown,  red  and  yellow  cinchona- bark,  (Pelletier  & 
Caventou.)  In  Cinchona  regia.  (Schwarz.)  Most  abundantly  in  Cin- 
chona rvhra^  lesB  in  Cinchona  regia  and  C.  fiava  fihrosa^  not  at  all  in 
Iluanoco  cinchona.  (Reichhardt.)  According  to  Reichel  {Uebfr  China- 
rinden  und  deren  chemischen  BestandtJieile^  Leipz.  1856),  it  occurs  also  in 
the  latter.  The  extract  of  Cinchona  rubra  prepared  with  water 
acidulated  with  sulphuric  acid,  deposits  cinchona-red  on  standing. 
(Reichhardt).  —  Ciuchona-rcd  occurs  also  in  Oarapa-bark  from  Cay- 
enne, perhaps  obtained  from  a  Fersonia  (Petroz  &  Robinet,  J.  Pharm. 
7,  349).  — A  red  colouring  matter,  obtained  by  Caventou  (N.  J.Pharm. 
16,  300)  from  the  bark  of  Suitenia  senegalensis  exhibits  a  certain  degree 
of  similarity  to  cinchona-bark. 

Preparation.  1.  Pelletier  &  Caventou  exhaust]the  bark  with  alcohol ; 
evaporate  the  tincture  to  dryness ;  boil  the  residue  repeatedly,  first 
with  acidulated,  then  with  pure  water ;  and  extract  the  fat  with  ether, 
the  cinchona-red  then  remaining  behind.  —  2.  The  powder  of  Cinchona 
mhra,  exhausted  with  water  containing  sulphuric  add  and  with  ether, 
is  digested  four  times  with  alcohol  of  90  p.  c,  or  as  long  as  the  alcohol 
nuis  away  coloured ;  the  tinctures  are  evaporated ;  and  the  residue  is 
purified  by  rc-solution  in  alcohol  and  evaporation  (Reichhardt). 

3.  The  bark  of  Cinchona  regia^  previously  exhausted  with  water,  is 
digested  with  dilute  aqueous  ammonia ;  the  red-brown  liquid  is  jHPe- 
cipitated  with  hydrochloric  acid;  the  red-brown  flocks  containing 
quinovine  and  cinchona-red,  are  collected,  washed,  and  boiled  wiS 
thin  milk  of  lime,  a  compound  of  quinovine  and  lime  then  passing  into 
solution,  whilst  cinchona-red,  together  with  lime,  remains  in  the 
residue.  This  residue  is  washed  with  boiling  water  and  decomposed 
by  dilute  sulphuric  acid ;  the  cinchona-red  thus  separated  is  thoroughly 
washed,  redissolved  in  ammonia,  and  precipitated  with  hydrochloric 
acid ;  the  precipitate  is  washed  and  dissolved  in  alcohol ;  and  the 
solution  filtered  from  the  insoluble  mattor  is  evaporated  to  dryness 
(Schwarz). 
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4.  Reichel  exhausts  Huanoco  cinchona-bark  with  alcohol  of  95  p.  c. 
evaporates  the  extract  to  dryness,  and  exhausts  successively  all  the 
constituents  that  are  soluble  in  ether  and  in  water. 

Properties,  Red-brown,  inodorous,  tasteless,  infusible  mass  (Pelletier 
&  Caventou,  Reichhardt).  Chocolate-brown  (Schwarz),  brick-red 
(Guiraud-Boissenot),  light  red-brown,  darker  when  prepared  from 
CinchoYKi  rubra  (Reichel). 

Calculation  according  to  Schwarz.  Schwarz. 

at  100^ 


12  C 

7  H 

7  O 

72     ... 

7     ... 

56     ... 

53-33    ... 

5-19    ... 
41-4o     ... 

53-63 

5-30 

41-OJ 

C»HW 

13*     ... 

100-00    ... 

10000 

Acoordiog  to  Guirauil-Boissenot,  it  consists  of  C^^HK)*!  with  triaoes  of  faon  and 
lime. 

Decompositions,  When  moistened  with  water  and  heated,  it  gives 
off  a  beautiful  purple-red  vapour,  condensing  with  the  same  colour, — 
then  swells  up,  without  actu^y  melting,  and  yields  a  distillate  con- 
sisting of  a  Drown  and  afterwards  black  empyreumatic  oil.  The 
purple-red  substance  becomes  more  solid  on  cooling,  then  brown  in 
contact  with  the  air ;  it  dissolves  in  alcohol,  and  is  precipitated  there- 
from by  water, — also  in  potash-ley,  whence  it  is  precipitated  by  acids, 
and  with  yellow  colour  in  ether  (Petroz  &  Robinet,  J.  Fharm,  7,  365^, 
Cinchona-red  yields  by  dry  distillation  pyrogallic  acid,  empyreumatic 
oil,  and  a  carmine-coloured  substance,  soluble  in  ether  and  alcohol,  in- 
soluble in  water  (Guiraud-Boissenot). 

Cinchona-red  dissolves  very  slightly  in  boiling  water,  forming  a 
pale  yellow  solution, — somewhat  more  freely  in  acidulated  water 
(Pelletier  &  Caventou).  It  is  insoluble  in  water,  sparingly  soluble  in 
dilute  acids  (Reichhardt).  —  It  dissolves  abundantly  in  aqueous 
ammonia,  potash  and  soda,  whence  it  is  precipitated  by  acids.  —  The 
ammoniaoal  solution  fonns  with  chloride  of  calcium  a -precipitate  of  a 
fine  red  colour  (Reiehhardt,  Beichel^.  With  magnetia  and  aiumina  it 
forms  fine  red  lakes,  the  solutions  ot  which  in  wadu  do  not  precipitate 
gelatin.  From  the  solution  in  acetic  acid  it  is  precipitated  by  basic 
acetate  of  lead  (Pelletier  &  CaventonV  The  aqueous  solution  (Pelletier 
&  Caventou)  and  the  ammoniacal  solution  (Reidihardt)  yield  with 
tartar-emetic,  a  precipitate  of  a  fine  red  colour. 

Cinchona-red  is  insoluble  in  alcahoL  According  to  Reichel,  it  is 
more  or  less  soluble  in  alcohol,  according  to  the  variety  of  the  bark 
and  the  mode  of  preparation. 

Insoluble  or  very  slightly  soluble  in  ether  (Pelletier  &  Caventou  and 
others).  Dissolves  easily  in  ether,  fonning  a  dark  red  solution 
(Schwarz).  Dissolves'  easily  in  strong  acetic  add,  and  is  precipitated 
therefrom  for  the  most  part  by  water  (Pelletier  &  Caventou,  Reich- 
hardt). 

In  the  im^tered  state,  it  is  not  pr^pitated  by  animal  g$laiiii 
(Pelletier  &  Caventou),  but  its  ammoniacal  solution  is  precipitated 
thereby,  after  a  while,  on  addition  of  alcohol  (Reichhardt).  —  The 
solution  of  cinchona-red  in  aqueous  potash  or  soda  precipitates  gelatin, 
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but  not  if  it  has  been  heated.  On  the  other  hand,  cinchona-red,  mixed 
with  ammonia,  baryta  or  lime,  precipitates  gelatin,  after  being*  heated, 
but  not  before  (Pelletier  &  Caventou). 


3.  lagnoin. 

C«NH»0". 

Reiche.     Ueber  Chinarinden  und  deren  Bestandthnle^     Leipzig,  1856. 
O.  Hesse.     Ann,  Pharm.  109,  841. 

The  humous  constituent  of  Huanoco  cinchona  bark, 
Cinchona-bark  exhausted  with  ether,  alcohol  and  water,  is  re- 
peatedly digested  with  soda-ley ;  the  dark  red-brown  solution  is  pre- 
cipitated with  hydrochloric  acid;  the  precipitate  is  washed,  redis- 
solved  in  soda-ley,  and  reprecipitated  by  dilute  sulphuric  add;  and 
this  precipitate  is  washed,  first  with  acidulated,  then  with  pure  trater> 
and  dried  at  100^  (Reichel). 

Properties.     Black-brown,   easily   friable  mass,  having  but  little 
lustre. 

Hetae. 


40  C 240  5»-25  59-86 

23  H 23  5-67  5-86 

N 14  3-47  3*52 

16  0 128  31-61  31-26 

C*>H»NO"   405     100*00     lOO'OO 

After  deduction  of  1*79  p.  c.  ash.  —  From  Gnehona  rubm,  Retchd  (N.  Br.  Artk. 
92,  9)  likewise  obtained  lignoTn,  which  howerer  was  found  by  analytia  to  contain 
61.5  p.  c.  C.y  4*65  H.  and  N.,  betides  oxygen. 

Lignoln,  bcnled  with  potash^  gives  off  ammonia  (Hesse);  melted 
with  potash,  it  likewise  emits  the  odour  of  woodruff  (Reichel).  —  It 
dissolves  quickly  in  aqueous  ammonia  and  in  soda-Uy,  (Reichel) ;  also  in 
aqueous  alkaline  carbonates^  without  taking  up  oxygen  (Hesse).  The 
ammoniacal  solution  is  precifntated  by  acids^  and  throws  down  from 
Ume-  and  barifta-salts  a  red  brown  jelly, — ^from  lead-salts^  a  light  flesh- 
coloured  precipitate  (Reichel). 

It  is  perfectly  soluble  in  alcohol  of  85  p.  c.  (Reichel). 


4.  Quinovatannic  AcicL 

C"H»0*  ? 
Hlasiwktz.     Wien.  Akad.Ber.  6,  266 ;  abstr.  Ann.  Pharm.  79,  130, 

Occurrence.     In  the  bark  of  Cinchona  nova  or  surinamensis. 
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Preparation,  The  aqueous  decoction  of  the  bark  is  precipitated 
with  neutral  acetate  of  lead ;  the  precipitate,  which  serves  for  the 
preparation  of  quinova-red,  is  removed ;  and  the  filtrate  is  divided  into 
three  parts,  one  of  which  is  completely  precipitated  with  basic  acetate 
of  lead,  and  then  mixed  with  the  other  two  portions.  The  precipitate 
thus  produced,  containing  (^uinovine,  the  remainder  of  the  quinova-red, 
and  a  small  quantity  of  qumovatanni<Micid  (but  scarcely  available  for 
the  preparation  of  the  latter),  is  also  removed,  and  the  liquid  filtered 
therefrom  is  precipitated  with  basic  acetate  of  lead.  The  washed  pre- 
cipitate is  decomposed  under  water  by  hydrosulphuric  acid;  the 
sulphide  of  lead  is  removed  by  filtration,  and  the  hydrosulphuric  acid, 
partly  by  warming  the  liquid,  then  completely  by  neutral  acetate  of 
lead ;  the  liquid  is  again  filtered ;  and  the  filtrate  is  mixed  with  a  large 
quantity  of  strong  alcohol,  which  throws  down  flocks  of  quinovatannate 
of  lead.  From  this  salt  the  add  is  separated  by  hydrosulphuric  acid,  and 
the  solution  freed  from  sulphide  of  lead  is  evaporated  in  a  stream  of 
carbonic  acid. 

Amber-yellow,  transparent,  friable  mass,  having  an  astringent  and 
somewhat  bitter  taste. 


Hlasiwetz. 

at  100^ 

mean. 

28  C 

168     

...     5201     .. 

51-82 

19  H 

19    

..a               d*00          •• 

6-85 

17  O 

136    

...     4211     .. 

42-33 

2C"H»0«  +  aq. 

....  823     

...  10000     .. 

10000 

Decomposition,  1.  When  mixed  with  alkalis^  it  oxidises  in  contact 
with  the  air.  —  The  aqueous  solution  left  for  some  time  in  contact 
with  the  air  deposits  a  red  powder,  soluble  in  ammonia  and  in 
alcohol,  and  probably  consisting  of  quinova-red.  —  2.  By  boiling  for 
some  time  with  dilute  sulphuiic  acid^  it  is  decomposed,  with  forma- 
tion of  a  substance  which  reduces  an  alkaline  solution  of  cupric  oxide, 
like  glucose.  —  8.  In  contact  with  cupric  hydrate  or  acetate^  it  assumes 
a  dark-greenish  brown  colour,  the  protoxide  of  copper  being  reduced 
to  dioxide,  and  the  acid  oxidised  to  viridic  acid.  —  4.  It  reduces  silver* 
and  gold-salts, 

Combifiations.  Soluble  in  water.  Turns  brown  in  contact  with 
ammonia^  the  colour  gradually  becoming  darker.  Does  not  precipitate 
tartar^emetic, 

Quinovatannate  of  Lead,  The  aqueous  acid  does  not  precipitate 
neutral  acetate  of  lead.  The  salt  is  prepared:  1.  By  precipitating 
the  acid  with  basic  acetate  of  lead,  washing  and  drying  at  100°.  — 
2.  By  precipitating  the  alcoholic  solution  of  the  acid  with  alcoholic 
sugar  of  lead,  washing  the  precipitate,  and  drying  at  100"^. 

According^  to  1.  Hlasiwetz.  According  to  2.  Hlasiwetz. 

mean, 

HOC   3012  ....  29-99            28  C    26*25  ....  26-41 

89  H   3-18  ....  3-08            17  H    2-65  ....  267 

79  O    22-69  ....  22-67             15  O   1875  ....  18*95 

11  PbO   ....  14-01  ....  44-26  3  PbO    ...  52-35  ....  5197 

100(0     ....  10000  10000     ....  10000 
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No.  1  U  regarded  by  HlasiweU  as  10C^mK)7+ llPb04-9«q.  »  No.  2.  m 
2(C"H»0',PbO)  +  PbO,HO.--A  third  lead-salt  contained  4C"H»(y,PbO.  (fFie«. 
Akad,  Ber.  6,  270.) 

Quinoyatannic  acid  colours /erne  ht/drochhrats  dai'k  green. 
It  diBBolyes  in  alcohol^  not  in  ether.    Does  not  precipitate  eoluiicn  of 
gelatin. 


5.  Qnmova-red. 

PEtLBTtBR  A,  Cavektou  (1820).    /.  Pkomu  7,  111. 
Hlasiweti:.     Wien.  Akad.  Ber.  By  278 ;  Ann.  Phartn.  79,  198. 

Different    from    cinchona-red.       Occurs    ready-formed    ia    lai^ 
quantity  in  Cinchona  nova. 

Formation.    By  the  oxidation  of  quinovatannic  acid  (p.  485). 

Preparation.  1.  The  aqueous  decoction,  or  the  alcoholic  extract  of 
the  bark,  is  precipitated  with  neutral  acetate  of  lead ;  the  precipitate 
(which  contains  scarcely  any  organic  compound  except  quinora- 
red)  is  decomposed  under  water  by  hydrosulphuric  add;  and  the 
mixture  of  quinoya-red  and  sulphide  of  lead  is  washed  with  water 
and  boOed  with  a  small  quantity  of  alcohol.  From  the  alcoholic 
filtrate,  the  quinoya-red  is  precipitated  by  the  addition  of  a  large 
quantity  of  water  (Hlasiwetz). — 2.  The  bark  is  diffested  with  dilute 
isiqueous  ammonia,  the  filtrate  is  precipitated  with  hydrochloric  add ; 
and  the  predpitate  is  washed  till  the  filtrate  no  longer  turns  iron-salts 
green,  and  therefore  no  longer  contains  quinoyatannic  add.  The 
residue  is  freed  from  admixed  auinoyine  by  boiling  it  4  or  5  times 
with  milk  of  lime ;  the  compouna  of  quinoya-red  with  lime,  whidi  is 
insoluble  in  water,  is  decomposed  by  hydrochloric  acid ;  the  separated 
quinoya-red  is  washed  with  water,  and  dissolyed  in  dilute  aqueous 
ammonia;  and  the  solution  is  precipitated  with  hydrochloric  add. 
After  washing  out  the  hydrochloric  acid  with  hot  water,  the  predpi- 
tate is  dissolyed  in  alcohol,  separated  from  the  undissolyed  matter, 
and  the  pure  quinoya-red  is  precipitated  by  mixing  the  filtrate  with 
water  (Hlasiwetz). 

Properties.    Nearly  black,  shining  resinous  mass,  yielding  a  dark 
red  powder  (Hlasiwete). 


12  C 

at  100*. 
72     .... 

....     6101     .. 

6  09    . 

....     .33-90     . 

Hlasiwetz. 
61*21 

6  H 

5  O 

.....      6    .... 
40     .... 

6  08 

33-yi 

C"H»0*... 

118     .... 

...  100-00     . 

10000 

O.  Hesse  (^nn.  Pharm.  109,  812)  suggests  the  formula  C*H»0*»  (calc.  61*85 
p.c.  C,  5*17  H.,  32-98  O),  having  regard  to  that  of  lignoin  (p.  484.) 


OXYPINITANNIC  ACID.  4^87 

By  successive  treatment  with  potmh  and  ac'uls^  quinova-rcd  is  con- 
verted into  a  tannic  acid  (Pelletier  &  Caventou).  —  With  nitric  acid  it 
forms  oxalic  acid  (Pelletier  &  Caventou). 

Quinova-i'ed  is  nearly  insoluble  in  water,  (EQasiwetz.)  It  is  not 
altered  by  dilute  acids.  It  dissolves  easily  in  aqueous  ammonia^  and  in 
ihQ  fixed  alkalis  (Illasi  wetz),  less  easily  than  chinchona-red.  (Pelletier  & 
Caventou.)  Forms  insoluble  compounds  with  baryta  and  Ume, 
(Illasiwetz).    Does  not  precipitate  tartar-enietic  (Pelletier  &  Caventou). 

Alcoholic  quinova-red  is  completely  precipitated  by  alcohohc  sugar 
of  lead.  The  red-brown  precipitate  washed  and  dried  at  100°,  contains 
15*1  p.  c.  PbO,  82*61  C,  and  2*33  H.,  and,  therefore,  consists  of  oxide 
of  lead  and  oxidised  quinova-red  C**H'0"  (Illasiwetz). 

Quinova-red  dissolves  easily  in  alcohol  and  in  ether.  (Hlasiwctz.) 


C. — Tannic  Acids  from  Finns  Sylvestris  and  Phlohaphene. 

1.  Ozypinitanuic  Acid. 

C"1P0»  ? 
Kawalier.     Wien.  Akud.  Ber,  11,  354. 

Occurs  about  Christmas  in  the  needles  of  Pinria  si/lvestrisy  and  is 
obtained  as  a  lead-salt  in  the  preparation  of  pinipicrin  (see  below).  The 
lead-salt  is  digested  with  acetic  acid  diluted  with  8  pts.  water ;  the 
filtrate  is  precipitated  with  basic  acetate  of  lead,  whicn  throws  down 
a  piu'e  lead-salt;  the  washed  precipitate  is  decomposed  by  hydro- 
sulphuric  acid ;  and  the  filtrate  is  evaporated  over  the  water-bath. 

Grey  or  bro^vnish  powder.  Inodorous.  Has  a  very  astringent 
taste. 

at  100^  Kawalier. 

14  C 84     51-22  ftl-24 

8  H 8     4-87  4-98 

9  0 72    48-91  43-78 


C"H80» 164     100-00     100-00 

After  deduction  of  1*6  p.  c.  ash. 

Decomposition.  1.  Bums  when  heated  on  platinum-foil,  leaving  a 
residue  of  charcoal.  —  2.  After  supersaturation  with  ammonia,  it 
quickly  absorbs  oxygen  from  the  air,  and  becomes  dark-brown. — 3.  By 
boiling  with  hydrochloric  acid^  it  becomes  turbid,  and  acquures  the 
colour  of  carmine.  Aqueous  oxypinitannic  acid,  mixed  with  oil  of 
vitriol^  turns  red,  and  deposits  flocks  on  addition  of  water.  On  boiling 
it  with  dilute  sulphiu^ic  acid,  a  red  powder  is  precipitated,  and  after  the 
removal  of  this  powder  and  the  acid,  there  remains  in  solution  an 
amorphous  substance,  which  contains  42*60  p.  c.  C,  and  6*80  II.,  and 
does  not  consist  of  sugar  (Rochleder  &  Kawaher,  Wien.  Akad.  Ber. 
29,  22).  —  4.  The  ammonia-salt,  mixed  with  nitrate  of  silver,  becomes 
brown-red,  and  separates  metallic  silver  when  heated. 
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Combifiations.  The  acid  dissolves  readily  in  fvatei\  The  aqiaeous 
acid  is  coloured  yellow  by  ammonia^  and  forms  'with  hctryta-xcaUr^  a 
yellow  liquid,  which  deposits  red  flocks  when  heated.  It  is  coloured 
green  by  ferric  chloride^  and  precipitates  greenish-brown  by  snlpbate 
of  copper,  and  a  small  quantity  of  ammonia.  It  is  not  precipitated 
by  tartar-emetic  or  nib-ate  of  silver. 

Oxi/pinitannate  of  Lead.  —  Neutral  acetate  of  lead  forms,  with  the 
ac[ueouB  acid,  a  lemon-yellow  precipitate,  inclining'  to  greenish ;  biac 
acetate  of  lead,  a  cream-coloui-ed  precipitate.     Preparation  as  dboye. 

Kawalier. 

28  C 168    20-43  26-11 

13  II 13     205  2-09 

15  (» 120    18-86  18-48 

3  PbO 335     52  66  53-33 


C»H'^'*,3PbO    636    100-00     ^  100-00 


2.  Pinitannic  Acid. 

Kawaliek.     Wien.  Akad.  Ber.  11,  357.-29,  19- 

1.  Occurs  about  Christmas  in  the  needles  of  old  trees  of  i^ 
sylvestrisy  and  is  obtained  as  a  lead-salt  in  the  preparation  of  pinipicnii. 
The  liquid  from  which  the  oxypinitannic  acid  has  been  precipitated  by 
neutral  acetate  of  lead,  is  heated  to  the  boiling  pointy  basic  acetate  tf 
lead  is  then  added  by  drops,  and  the  whole  left  to  cool.  The  ^^^ 
precipitate  is  decomposed  by  hydrosulphuric  acid,  and  the  liquid  heated 
with  the  sulphide  of  lead,  then  filtered  and  evaporated  to  d&yness  in « 
stream  of  carbonic  acid. 

2.  It  occurs  also  in  the  green  parts  of  Thuja  occidentalis.  (S« 
Thujiffenin.)  It  is  partly  precipitated,  together  with  thujin,  by  neatiai 
acetate  of  lead,  partly,  together  with  thuiigeniii,  in  the  subsequent 
precipitation  by  basic  acetate  of  lead,  and  i-emains  in  solution  when 
these  precipitates  are  decomposed  by  hydrosulphuric  add,  and  the 
thujin  and  thujigenin  have  crystallised  out.  The  remiuning  Gohtioue 
are  evapoi-ated  to  diyness,  and  the  pinitannic  add  is  extracted  by 
anhydrous  ether-alcohol.  The  filtrate  quickly  evaporated  to  dryness 
over  the  water-bath,  leaves  the  acid  wliich  may  be  dried  in  vacuo  over 
oil  of  vitriol. 

Yellow-red,  or,  if  prepared  from  Thuja,  brownish  yeUow  poi^dejj 
having  a  slightly  bitter,  astringent  taste.  At  100''  it  becomes  soft 
and  glutinous. 

Kawalier. 
from  Pinus.    from  Tkujii. 

U  C 84     ....     53-84    ....     5351     53*67 

8  H    8     ....       512     ....       5-42     5*55 

8  O    64     ....     41-04     ....     4107     4078 

C'^H«0»    ....  156    ....  10000    ....  10000    lOOCO 
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Decoinpositions.  1.  Burns  on  platinum-foil,  leaving  charcoal. — 
2.  Swells  up  at  180°,  yields  an  acid  watery  distillate  between  100° 
and  200°,  and  tar  at  higher  temperatures.  —  3.  The  ammoniacal  solu- 
tion absorbs  oxygen  and  becomes  red-brown. — 4.  AVhen  aqueous 
pinitannic  acid  is  heated  with  dilute  acidsj  a  red  powder  is  separated, 
while  an  amorphous  substance  remains  behind. 

a.  The  red  powder  (prepared  with  pinitannic  acid  from  pines)  con- 
tains 58-22  p.  c.  C,  4-G5  H.,  and  37-13  0.,  agreeing  with  the  formula 
C^H"0»  (calc.  58-33  C,  4-63  H.,  and  37*04  O.).  —  The  product  from  Thuja^ 
after  washing  with  cold  water,  dissolves  with  difificulty  in  boiling 
water,  and  separates  in  brick-red  flocks  on  cooling.  After  drying  in 
vacuo,  it  contains,  on  the  average,  58*37  p.  c.  C,  4-69  H.,  and 
36-94  0. 

h.  The  liquid  freed  from  the  red  powder  and  the  acid,  leaves,  when 
evaporated  over  the  water-bath,  an  amorphous,  brown-yellow  residue, 
which  reduces  cupric  oxide  in  alkaline  solution,  like  glucose,  but  does 
not  taste  sweet  or  exhibit  any  of  the  other  characters  of  a  sugar.  It 
c«>ntain8  47*02  p.  c.  C,  5*84  H.,  and  47*14  0.,  answering  to  the  formula 
C»H»0»  or  C^ff'O". 

Pinitannic  acid  dissolves  readily  in  watei\  The  solution  colours 
ftiTic  cklorule  dark  brown-red,  and  precipitates  cupric  sulphate  and 
nitrate  of  silver j  the  latter  on  addition  of  ammonia. 

Pinitannate  of  Lead.  —  The  aqueous  acid  throws  down  from  neutral 
acetate  of  lead,  a  yellow  precipitate,  easily  soluble  in  ^  small  quantity 
of  free  acetic  acid ;  from  the  basic  acetate,  at  mean  temperature,  a 
lemon-yellow  at  the  boiling  heat,  and  with  excess  of  basic  acetate,  a 
fieiy  chrome-yellow  precipitate.  Contains  54-16  p.  c.  lead-oxide,  and 
after  deduction  of  this,  53*11  p.  c.  C,  5*42  H.,  and  41*47  0.,  on  which 
account  Kawalier  supposes  it  to  contain  C**JEI"'0"  =  4C"H"0®  -I-  HO 
in  combination  with  lestd-oxide  (calc  53*08  C,  6-21  H.,  and  41-71  O.). 

Pinnitannic  acid  dissolves  easily  in  alcohol  and  ether.  It  does  not 
precipitate  solution  of  gelatin.  Its  aqueous  solution,  heated  to  boiling 
with  a  small  quantity  of  stannic  hydrochlorate,  'communicates  to 
woollen  stuffs  mordanted  with  alum  or  tin-salt,  a  permanent  lemon- 
yellow  to  chrome-yellow  colour. 


3.  Cortepinitannic  Acid. 

C"HW  ? 

Kawalier.     Wien.  Akad.  Ber.  11,  368. 

Occurrence.  In  the  inner  and  outer  bark  of  old  trees  of  Finns 
syhestria  about  Christmas. 

Preparation.  Prom  the  inner  hark  (see  Pinicorretin,  p.  33).  The 
lead-salt  obtained  in  the  preparation  of  pinicorretin  is  suspended  in 
water,  and  decomposed  by  hydrosulphuric  acid  ;  and  the  heated  liquid  is 
filtered  from  the  sulphide  of  load,  and  evaporated  to  diyness  in  a  stream 
of  carbonic  acid. 
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2.  D-om  the  outer  bari:    The  bark,  cleauscc 
U  boiled  with  alcohol  of  40° ;  the  filtrst«  is 

wWch  separates  is  removed  by  filtration  (  and         „        .    , 

alcohol  is  distilled  oS,  whereupon  a  fresh  q^nantity  of  wax  separatM 
out.  The  filtered  and  expressed  liquid,  mixed  with  water  and  soktioa 
of  neutral  acetate  of  lead,  yields  a  precipitate  of  impure  cortcpinitaimate 
of  lead  (a) ;  and  the  liquid  filtered  therefrom  yields,  with  basic  acetate 
of  lead,  a  second  precipitate,  which  has  a  dirty  yellow  colour,  but  like- 
wise consiBto  of  cortepinitannato  of  lead  (fi).  The  first  lead-e^t  is 
treated  with  dilute  acetic  acid;  the  red  filtrate  is  precipitated  with 
basic  acetate  of  lead ;  the  brown-red  precipitate  is  washed  and  decom- 
posed by  hydrosulphuric  add ;  aud  the  hot-filtered  Ui^uid  is  evaporated 
to  dryness  in  a  stream  of  carbonic  acid,  cortepinitauQic  add  tiina 
remaining. 

Prc^eriia.    Bright-red  powder. 


K«waljer. 

...    5i-6S    . 

...     65-45     56-12 

\1  H    

-    17    . 

...      4-92    . 

...      5-30    4-76 

17  0   

,.  136    .. 

..     39-43     . 

...     SB-25     39-12 

C-H^O".. 

..  MS    ., 

...  10000     . 

...  100-00    ;. lOOOO 

tt.  ObUiaed  from  the  Inoer;  ft.  fivm  tbe  oat«i  bark.  For  b,  SawBliergiTstiie 
formnU  C**ll*0",  differing  from  the  formalB  iboTS  bj  |  St.  water,  uid  reguA  s  w 
2C«H'Cy  H-  3H0,  b  u  4C«H'0'  +  5HO. 

Decompoiitioas.  The  lead-salt  fi,  obtained  as  above,  contains  in  100  pfs. 
after  deduction  of  the  lead-oxide,  54-61  p.  c  C,  5-18  H.,  and  41-31  0., 
therefore  cortcpini  tannic  acid,  C'lIK)*  (calc.  54-24  p.  c,  C,  509  H.,  40-68  O,). 
combined  with  lead-oxide  (socb,  at  leaat,  appem  to  be  Kawnlier-a  mMning). 
When  this  lead-salt  is  decomposed  under  water  by  hvdrOBulphmic 
add,  and  the  filtrate  is  evaporated  in  contact  with  the  air,  there 
remains  an  apparently  unaltered  residue,  which  however  cout^na 
48*68  p.  c  C,  4'95  H.,  and  46'37  0.,  and  is  therefore  perhaps  pinicor- 
tannic  add  C"H"0". 

The  aqueous  solution  of  the  add  is  coloured  green  by  fork 
chloric. 

Cortepinitannate  o/'iead.— Obtained  from  the  inner  bark  in  the  mj 
ner  described  at  page  33, 

In  vacuo.  Kawalier. 

48  C 2BB     34-89  3*-I7 

23  H 33     2-77  2-86 

23  O „ 184     22i;  21-99 

S  PbO 335     40-37  40-98 

C*'H°0*',3PbO   830     10000     lOO'Oe 

After  deduction  of  the  lead-oilde,  C^H^O^  or  3C"I1'0'  +  2I10.     (KawBlier.) 
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4.  Pinicortannic  Acid. 

Eattalieb.     Wien.  Akad,  Bei\  11,  3 GO. 

Occurrence,    In  the  bark  of  Pinus  sylvestris. 

Formation,  Cortepinitannic  acid  changes  to  pinicortannic  acid 
when  its  solution  is  evaporated  in  contact  with  the  air  (see  p.  490  ). 

Preparation.     See  Pumicorrctin  (p.  33). 

I\'opertie$.    Red-brown  powder. 

In  vacuo.  fUwalier. 

32  C 192    48*60    48-57 

19  H 19     4-81     4-93 

23  0 184  46*59  46*50 

C«H»0«  ....  395  100-00  100*00 

0 

After  dedactton  of  1  2  p.  e»  aah —  C"H»0»  or  2Ci«H*0U  +  eq.    (KawiOier.) 

When  boiled  with  water  containing  hydrochloric  add,  it  is  conrerted 
into  a  bright  red  powder^  which,  after  drying  in  vacuo,  contains 
61-66  p.  c.  C,  4*47  H.,  and  43*97  0.,  and  is  therefore  C^H*0«S  or 
3C"HK)»*  +  HO  (Kawalier).     Calc.  51-34  C,  and  4-45  H. 

After  drying,  it  dissolves,  but  very  slowly,  in  water.  Its  aqueous 
solution  colours /emc  chloride. 


5.  Tannopic  Acid. 

C»H"0»? 

RocHLEDEB  &  Kawalier.     Wicn,  Aicod,  Ber,  29,  22. 

Occurs  in  spring  in  the  needles  of  Pinus  sylveatrisj  and  was  obtained, 
instead  of  oxypinitannic  acid,  in  a  preparation  undertaken  with  the 
object  of  obtaining  the  latter  (p.  487).  —  Needles  gathered  about 
Easter  contained  tannopic  acid ;  those  gathered  about  Christmas  yielded 
oxypinitannic  acid. 

It  oxidises  readily,  especially  in  contact  with  warm  moist  air.  When 
heated  with  sulphuric  or  hydrochloric  acidj  it  yields  a  red  decomposition- 
product,  similar  to  that  which  pinitannic  acid  deposits  under  the  same 
circumstances. 

at  100^  Kawalier. 

28  C 168     58-54     58*45 

15  H 15     5-22     5-28 

13  0 104  36-24 36-27 

(?»H»*0'»  287  10000  10000 
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6.  Tannecortepinic  Acid. 

KoGHLEDER  &  Kawalier.     Wteti.  Akod,  Ber.  29,  23. 

Occuirence,    In  the  bark  of  Pifius  sylvestrisy  when  the  trees  are 
between  20  and  25  years  old. 

Proration,  The  chopped  bark  is  thoroughly  boiled  with  alcohol 
of  40  ;  the  alcohol  is  completely  distilled  off  (the  last  portions, 
after  dilution  of  the  residue  with  water);  the  viscid  resin  which 
separates  from  the  residue  is  removed  by  filtration ;  the  filtrate  pre- 
cipitated with  neutral  acetate  of  lead;  the  precipitate  collected  and 
Washed;  and  the  filtered  liquid  mixed  with  basic  acetate  of  lead, 
whereby  a  fresh  precipitate  is  formed,  containing  tannecortepinate  of 
lead,  like  the  first. 

a.  The  precipitate  formed  by  neutral  acetate  of  lead  is  treated 
three  times  with  quantities  of  dilute  acetic  acid  insufficient  for  com- 
plete solution;  the  liquid  is  filtered  from  the  undissolved  portion, 
resin  then  remaining ;  the  united  acetic  add  solutions  are  precipitated 
with  basic  acetate  of  lead ;  and  the  precipitate  is  collected,  washed, 
and  decomposed  under  water  with  hydrosulphuric  acid.  The  liquid 
filtered  from  the  sulphide  of  lead,  and  evaporated  to  half  its  volume  in 
a  stream  of  carbonic  acid,  deposits  brown-red  crusts  of  tannecortepinic 
acid. 

h.  The  precipitate  formed  by  basic  acetate  of  lead  is  decomposed 
under  water  with  hydrosulphuric  acid;  the  filtrate  is  evaporated  in 
a  stream  of  carbonic  acid ;  the  residue  is  dissolved  in  alcohol,  the 
solution  precipitated  with  alcohohc  neutral  acetate  of  lead ;  the  pre- 
cipitate washed  and  decomposed  under  water  with  hydrosulphuxK 
acid ;  the  filtrate  again  evaporated  in  a  stream  of  carbonic  add ;  and 
the  residue  dried  at  100°. 

Propei'ties.  Reddish  brown  powder,  which  does  not  become 
glutinous  at  100°.     Has  an  astringent  taste. 


Kawalier. 

mean. 

28  C 

168     ... 

60-C5     ... 

60-42 

13  H 

13     ... 

4-69     ... 

4-76 

12  O 

96    ... 

34 '66     ... 

34-82 

C»HWOi2  

277    ... 

100-00    ... 

100-00 

After  dedaction  of  0'14  to  0*8  p.  c.  ash. 

The  aqueous  solution,  heated  with  dilute  sulphuric  or  ht;drochloric 
acid,  deposits  a  fine  red  precipitate  of  nearly  the  same  composition  as 
tannecortoi)inic  acid.  The  filtrate  freed  from  sulphuric  acid  and  the 
rest  of  tlie  red  body,  by  a  small  quantity  of  basic  acetate  of  lead, 
and  from  lead  by  hydrosulphuric  acid,  leaves,  on  evaponition,  a 
«wectish  cnlourlcPB  residue,  which  reduces  an  alkaline  cupric  solution* 
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like  glucose,  and  bums  on  platinum  with  an  odour  of  sugar.  The 
quantity  obtained  from  100  pts.  of  tannecortepinic  acid  reduces  as 
much  cupiuc  oxide  as  5*43  pts.  of  grape-sugar. 

With  aqueous /emc  hydrochlorate  it  becomes  dark  green,  then  red- 
brown,  and  finally  yields  a  black-green  precipitate. 


7.  Pityzylonic  Acid. 

WiTTSTEiN.     Pharm.  Vtertelj.  8,  14. 

Prom  wirwc,  pine,  and  KvXovy  wood.  —  Occurs  in  the  stem  of  Pinus  sylvestriSj 
and  probably  also  in  that  of  Pinus  Abies, 

Prq)arati&n.  Finely  rasped  pine-wood  is  boiled  with  water,  the 
liquid  is  mixed  with  carbonate  of  baryta,  strained  and  evaporated  to  a 
few  ounces,  then  filtered,  and  the  residue  is  exhausted  with  ether. 
The  mass  exhausted  with  ether  and  treated  with  warm  alcohol,  yields 
to  the  latter  liquid  pityxylonic  acid,  which  remains  behind  when  the 
solution  is  evaporated. 

Brown-yellow,  amorphous  mass,  hygroscopic,  with  a  strong  bitter 
taste  and  acid  reaction. 

Sparingly  soluble  m  cold,  easily  in  boiling  water,  formmg  a  pale 
yellow  solution,  which  becomes  turbid  on  cooBng.  —  Easily  soluble  in 
alkaline  water. 

Lead-salt,  The  acid  is  dissolved  in  ammoniacal  water ;  and  the 
solution  precipitated  with  neutral  acetate  of  lead. — Bitter  powder, 
becoming  electric  by  friction.  —  Somewhat  soluble  in  water. 

Wittotein. 
ai  100%  mean. 

25  C  150-0  44-43  44-58 

20  H 20-0  5-92  5-81 

8  O 640  18-99  1911 

PbO 111-8  30-66  30-50 


C»H»08,PbO    ...,  345-8     10000     100-00 

So  according  to  Wittstein. 


8.  Phlobaphene. 

Stahelin  &  HoFSTETTER.    Ann.  Pharm,  51,  65. 

According  to  St&belin  &  Hofstetter,  pblobaphene  is  an  ordinary  constitaent  of  the 
outer  bark  of  Pinus  iylvettris,  Beiula  alba,  yellow  dncbona-bark,  and  the  bark  of 
PlatOMts  aeerifolia,  Kawalier  ( FTttfii.  Akad,  Ber,  l\,  344)  contests  the  independent 
existence  of  phlobaphene,  whereas  J.  WolflT  (Pharm.  Vierteif.  3,  1}  finds  it  also  in 
birch-fangas,  and  Wittstein  {Pharm,  ViertelJ.  3, 10)  in  pine-bark.  Hesse  (Arm  Pharm. 
109.  343)  calls  attention  to  the  resemblance  of  phlobaphene  to  cinchona-red  (p.  482), 
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whercu,  according  to  othen,  it  remnblcs  rhodoianthiii,  ] 
mine  the  preclie  relatioiu  of  tlieie  imperfectly  inTotigal 
best  to  fallow  atUhelm  &  Hofttetter.     (fix.) 

By  the  following  mode  of  treating^  the  h 
phene  ia  obtained,  aometimes  bodies  differin] 
o^gen. 

I.  Pklobaphene  from  the  outer  Bark  of  Pin 
alcoholic  extract  of  the  bark  pravioiiely  exha 
extracts  wax,  leaving  a  brown  residue  insolubl 

a.  When  the  brown  residue  (or  phlobaphi 
dissolved  in  aqueous  ammonia,  and  the  solution 
sulphuric  add,  red-browu  flocks  are  thrown 
filtrate,  on  exposwe  to  the  air,  deposits  an  ad 

same  substance.  These  flocks  contun  59*98  p.  C.  Q.,  4'44  H.,  and 
85*56  0.,  and  consist  of  StaheUn  &,  Hofetette^a  hydrate  of  phloba- 
phene  C"H'0'  +  aq.  —  The  same  hydrate  of  pblobaphene  is  l^ewise 
extracted  by  aqneous  alkalis  from  the  bark  preyioofily  exhausted  with 
ether  and  alcohol,  and  is  precipitated  from  the  red-brown  solation  hj  ■ 
Bulphuric  acid.  After  repeated  solution  in  alcohol  and  evuwration,  it 
contains  59*58  p.  c.  C,  4*59  H.,  and  36*83  0. ;  it  ia  insoluble  in  water 
and  dilute  acids,  precipitated  from  the  ammoniacal  solution  by  baryta- 
and  lime-salts,  and  sparingly  soluble  in  alcohol  after  drying. 

b.  When  the  ammoniacal  solution  of  the  brown  re»diie  is  treated 
with  neutral  acetate  of  lead,  the  precipitated  lead-salt  exhibits  the 
composition  a  or  p,  according  to  the  circumstances  of  the  preparatifBi. 

StSbaUn 
Ltad-talt  a.  St  Hofttetter. 

60  C - 3800     MM    35-25 

25  H 25*0     2-42     2-70 

25  O 200-0    19-36     19-90 

*  PbO    «7-2     43-3B     42-15 


3C»H*O',4Pb0t 

>q. 

....  1032*2    

L-d-ttU  fi. 

.  100-00 

.     18-01 

I '65 
.     13-21 

.     0713 

100-00 

StXhplm 
4HoMsttcr. 

11  o   

88-0    

13-20 

C»H'0»,4PbO  +  3»q 066-2    100-00    100-00 

c.  When  the  brown  residue  is  dissolved  in  a  small  quantity  of 
boiling  olcohol,  and  precipitated  with  hot  water,  the  liquid  being 
stirred,  a  red-brown  precipitate  of  phlobaphene  is  produced  while 
tannic  acid  remains  dissolved  in  the  filtrate.  —  The  phlobaphene  imme- 
diately separated  by  filtration,  and  washed  with  boSing  wat«r,  is 
rcd-browr,  free  from  nitrogen,  tasteless,  and  unalterable  in  the  air, 
both  ill  the  moist  and  in  the  dry  state.  It  does  not  melt  when  heated, 
but  burns  with  a  smoky  flame,  leaving  a  large  quantity  of  churco*). 
It  is  slightly  soluble  in  acetic  add,  insoluble  in  water  and  in  other 
dilute  adds,  but  dissolves  readily  in  aqneous  alkalis,  with  deep  brown- 
red  colonr,  and  after  drying,  is  no  longer  soluble  in  alootHd.     It  ce»- 
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tains,  oil  the  avcra^'C,  G2-78  p.  c.  C,  4*30  II.,  and  32*92  0.,  answering- 

to  the  formula  C^^H^O®  (calc.  62-50  C,  4-16  H..  and  33-34  O.). 

d.  The  yellow,  sour  and  astringent  liquid  filtered  from  the  phloba- 
phene,  deposits,  on  standing  or  evaporation  in  contact  with  the  air, 
hydrate  of  phlobaphene,  in  the  form  of  a  red-brown  powder,  contahung 
5'J*81  p.  c.  C,  4'59  n.,  and  35'60  0.  It  precipitates  metallic  and 
earthy  salts,  also  ferric  chloride,,  the  latter  dark-green.  On  adding 
neutral  acetj.te  of  lead  to  the  ligt  liquid  immediately  after  filtra- 
tion, a  grey  precipitate  is  formed,  containing,  on  the  average,  37*92 
p.  c.  C,  2-49  IL,  24*80  0.,  and  34*79  PbO.,  answering  to  the  formula 
C»IlW»,PbO. 

II.  Phlobaphene  from  the  Bark  oj  Platanus  Acerifolia. — Extracted  by 
dilute  potash-ley  from  the  bark  previously  exhausted  with  ether,  and 
precipitated  by  dilute  sulphuric  acid.  The  red-brown  flocks  are 
washed,  then  dissolved  several  times  hi  boiling  alcohol,  and  the  solution 
is  evaporated.  Red-brown  amorphous  powder,  having  a  slightly  astrin- 
gent taste,  somewhat  soluble  in  cold,  more  soluble  in  boilmg  water ; 
soluble  in  aqueous  ammonia  and  in  alcohol.  Contains,  on  the  average, 
57*23  p.  c.  C.,  4*80  II.,  and  37*97  0.,  corresponding  to  the  formula 
C^Il^&  +  2aq.  (calc.  57*14  C,  4*76  H.,  and  38*10  0). 

III.  Phlobaphene  from  Yelloxo  Cinchona-hark, — ^AVhen  the  alcoholic 
extract  of  the  bark,  previously  exhausted  with  ether,  is  evaporated  as 
long  as  it  remains  clear,  and  then  mixed  with  water  containing  sul- 
phuric acid,  a  copious  red-brown  precipitate  falls  to  the  bottom.  From 
this  precipitate  an  insoluble  portion,  C'^II^'O'',  may  be  separated  by 
digestion  in  ammonia.  If  the  solution  be  then  precipitated  with 
acetic  acid,  and  the  precipitate  treated  with  alcohol,  phlobaphene 
remains  behind,  and  a  fresh  portion  of  the  body  C**H*^^  passes  into 
solution.  The  phlobaphene  thus  obtained  is  a  brown-red  powder, 
which  does  not  fuse  when  heated,  is  insoluble  in  water,  acids,  alcohol, 
and  ether,  and  dissolves  easily  iu  aqueous  alkalis.  It  contains 
02*55  p.  c.  C,  4*41  H.,  and  33*04  0.,  answering  to  the  formula  C»H*0', 
and  the  compound  precipitated  by  neutral  acetate  of  lead  from  its 
ammoniacal  solution,  contains  18*57  p.  c.  C,  1*39  H.,  10*19  0.,  and 
69*85  PbO,  agreeing  with  the  formula  C»HW,4PbO.  From  the 
cinchona-bark  exhausted  with  alcohol  and  ether,  dilute  potash-solu- 
tion extracts  hydrate  of  phlobaphene,  precipitable  by  sulphuric  acid, 
and  containing  59*35  p.  c.  C,  4*59  H.,  and  36*06  0.  When  this  com- 
pound is  precipitated  from  the  alcoholic  solution  by  alcoholic  sugar  of 
lead,  the  precipitate  coatains,  on  the  average;  70*28  p.  c.  PbO,  as 
required  by  the  formula  C=°IIW,  4  PbO  (calc.  69-77  PbO). 

IV.  Phlobaphene  frmn  the  mUer  Bark  of  Betula  Alba, — After  this  bark 
has  been  exhausted  with  ether,  alcohol  extracts  phlobaphene  contain- 
ing 62*37  p.  c.  C,  4-85  H.,  and  33*28  0.  Hydrate  of  phlobaphene 
then  remains  in  the  bark,  whence  it  may  be  extracted  by  potash-ley, 
and  when  [precipitated  by  hydrochloric  acid,  contams  59*87  p.  c.  C, 
4*67  H.,  and  35*46  0. 
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D. — Tannic  Acids  from  Aspidiuni  Filix  Mas. 

1.  Tannaspidic  Acid. 

Luck.    Jahrh.  pr,  Pharm,  22,  159 ;  abstr.  Pharm.  Centr.  1851,  657  and 
676;  Chm.  Gaz.  1851,  452  and  467. 

Occurrence.     In  the  root  of  Aspidtum  Filix  mns. 

Preparation,    When  the  coaraely  pulveidsed  fern-root  is  boiled  witli 
alcohol  of  75  to  80  p.  c,  and  the  decoction  mixed  witli  water,  a  little 
hydrochloric  acid,  and  pulverised  sulphate  of  soda,  a  precipitate  is 
formed,  containing  tannaspidic  and  pteritannic  acids.     This  precipitate 
is  collected,  washed  with  solution  of  sulphate  of  soda,  pressed,  agpain 
triturated  with  water,  and  digested  for  half  an  hour  at  60°  —  SO*' 
with  water  containing  hydrochloric  acid,  whereby  ammonia  and  other 
bases  are  removed.     The  residue,  washed  with  water,   dried   and 
exhausted  with  ether  free  from  alcohol,  yields  pteritannic  acid  to  this 
solvent.    The  ethereal  solution  is  filtered ;  the  residue  wanned  witli 
strong  alcohol,  mixed  with  a  few  drops  of  solution  of  neutral  acetate 
of  lead,  then  with  h^'drosulphuric  acid  (which  lendera  it  capable  of  filtratioB), 
and  filtered ;  and  the  filtrate  is  evaporated,  first  in  a  st^am  of  hydro- 
gen,  then  in  vacuo   over  oil  of  vitriol.     The  tannaspidic  acid  thus 
obtained  is  pure  if  insoluble  in  water  and  ether,  but  completely  soluble 
in  alcohol. 

Properties.   Black-brown,  amorphous,  shining,  friable,  mass.      In- 
odorous, with  a  slightly  astringent  taste  and  faint  acid  reaction. 

Lock. 
o»  h.  mean. 

in  vaemo. 

26  C 156     ....    60*46  28  C 168     ....    60-43     ....  *  60-27 

14  H    14     ....       5-42  14  H    14     ....       504     ....       5-65 

11  O    88     ....     3412  12  O    96    ....     34-53     ....    34*08 


C»H"0"....  258    ....  100-00  C»H»*0»....  278     ....  100-00    ....  10000 

Luck  gives  the  first  formula;  the  second  here  proposed,  agrees  with  the  analysia  of 
the  free  add,  less  closely  with  those  of  the  lead-salt  and  the  deriyatiTes.    (Kr.) 

Decompositions,  1.  The  clear  solution  of  tannaspidic  acid  evaporated 
at  100 '',  with  access  of  air,  leaves  a  residue  partly  insoluble  in  alcohol. 
— 2.  Heated  in  a  test-tube,  it  ^ves  off  acid  water,  with  an  odour  of 
burnt  tartar,  and  leaves  chaxcoal.  —  8.  JSttrfw  without  residue  on  plati- 
num foil.  —  4.  With  oil  ofvitriol^  it  forms  a  red-brown  solution,  whl<^ 
becomes  darker  when  heated,  and  is  partly  precipitable  by  water.  — 
6.  The  alcoholic  acid  is  converted  by  tincture  of  iodine  at  40** — 60'', 
into  a  brown  iodated  substance,  which  is  precipitated  by  water,  and 
may  be  freed  from  excess  of  iodine  by  ether  free  from  alcohol.  —  6.  By 
dry  chlorine  gas,  it  is  converted  into  bichlorotannasi>idic  acid  ;  by  moist 
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chlorine  gas  into  qnadricUorotannaspidic  acid,  and  by  chlorine-water^ 

into  trichlorotannaspidic  acid.  —  7.    The  alcoholic   solution,    heated 

with  hydrochloric  acid,  acquires  a  fine  purple-red  colour,  and  when 

mixed  with  water  deposits  a  red  powder.    This  precipitate  is  regarded 

by  Luck  as  ethyltannaspidic  acid  (p.  499).  A  ■olation  of  tannaspidic  add  in 
wood-spirit  does  not  yield  methyl-tannaspidic  acid,  when  heated  with  hydrochloric  acid. 

—  8.  Tannaspidic  acid,  when  heated  with  dilute  hydrochloric  acid  and 
chlorate  ofpotash^  gives  off  a  large  quantity  of  chlorine  gas,  and  is  con- 
verted into  Luck's  terchloroxytannaspidic  acid,  which  appears  to  be 
identical  with  terchlorotannaspidic  acid.  —  9.  It  dissolves  in  cold  fuming 
nitric  acidy  without  evolution  of  gas,  forming  a  brown  solution,  pre- 
cipitable  by  a  small  quantity  of  water.  The  solution  vields,  by 
evaporation,  a  yellow  residue,  not  containing  oxalic  acid.  — 10.  A 
strong  aqueous  solution  of  chromic  acid  decomposes  it  with  violent 
evolution  of  gas. -—11.  With  aqueous  potash  or  ammonia^  it  forms  a 
brown  solution,  which  becomes  aarker  when  heated,  takes  up  oxygen 
when  exposed  to  the  air,  becoming  purple-red  or  brown,  and  deposits 
brown  or  black  flocks  on  addition  of  an  acid. 

Insoluble  in  water.  —  The  alcoholic  solution,  mixed  with  ammonia, 
yields  a  brown  precipitate  with  chloride  of  barium  or  chloride  ofcdkium ; 
it  colours  seMuichhride  of  iron  green,  and  precipitates  it  on  addition  of 
ammonia.  With  metallic  saUsj  on  addition  of  ammonia,  it  forms  dark- 
coloured  precipitates,  but  it  does  not  precipitate  tartar-emetic. 

Lead-salt.  —  Precipitated  from  the  alcoholic  acid  by  an  alcoholic  solu- 
tion of  neutral  acetate  of  lead,  and  washed  with  weak  spirit,  then  with 
water.  —Black  shining  mass,  yielding  a  brown  powder. 


26  C M 

a, 
,. 156 

....    43-21 

3*60 

....     2216 

....     3103 

28  C 

168 

....    4410 
....      3-41 
....    2310 
....     29'39 

Lack, 

mean, 

....    43'40 

iq   TX 

13 

13  H    

no    

13 

88 

....      3*65 

10  O     

....     22*35 

PbO   

112 

PbO    

112 

....     30-60 

C«H»OM,PbO ....  361    ....  10000        C»H»0",PbO....  381    ....  10000    ....  100-00 
The  first  fonnnia  is  that  giren  by  Lack; 

Tannaspidic  add  dissolves  in  alcohol,  even  in  absolute  alcohol.  It 
dissolves  in  acetic  acid,  and  is  precipitated  therefrom  by  water.  It 
precipitates  the  solution  of  isinglass  in  aqueous  alcohol. 

It  is  insoluble  in  ether^  oil  of  turpentine  9kxA  fixed  oils. 


2.  Bichlorotannaspidic 

Luck.    Jahrb.  pr.  Pharm,  22, 163. 

Dry  chlorine  gas  is  passed  over  tannaspidic  acid  dried  in  vacuo,  a 
gentle  heat  being  applied  towards  the  end ;  the  resulting  hydrochloric 
acid  is  removed  by  dry  air ;  the  product  is  dissolved  in  alcohol,  and 
the  solution  left  to  evaporate  in  contact  with  the  air. 

Amorphous  cinnamon-coloured  powder,  having  a  fruity  odour,  a 
slightly  acid  astringent  taste,  and  acid  reaction. 

VOL.  XV.  2  K 
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liQck. 

a,  h,  JBi  «ae«9. 

26  C 156    ....     47-88        28  C...... 168    ..,.    48'41     ....     47-81 

11  H    11     ....      3-37        12  H    ..... 12    ....      3-46     ....       S-S5 

2  a 71     .^,    21-74  2  CI   71     ,^.    20-46     ....     21-90 

11  O    88    ....    27-01        12  O 96    ....    27-67     .,.     26-94 

C»CPff«0"....  826    ....  10000        C»a«HnO«....  847    ....  100-00    ....  10000 

Luck  gives  tiko  first  formula,  which  does  not  sooord  with  the  loiiuaplet  of  ttis 
Handbook. 

The  acid  does  not  acquire  a  purple«colour  wheu  huOecL  It  disBolves 
with  brown  colour  in  potash-l^.  —  With  mitallic  taUsy  it  zeacts  like 
tannaspidio  acid.-** Insoluble  in  tvaierj  ether^  and  oik  bothjiaced  and 
volatUSf  but  easily  soluble  in  akahol^ 


3.  Terchlorotaimaspidie  Add. 

LuoK.    Jakrb,  pr.  Pharm.  22,  165  and  167. 
TricMhroMj^tmmtupidic  oet J. 

Ftq^aration.  1.  When  chlorine  gas  is  passed  into  water  in  which 
tannaspldic  acid  is  suspended,  the  brown  acid  is  converted  into  a  lighter 
loam-coloured  powder,  which  may  be  washed,  dried,  dissolved  in 
alcohol,  and  recovered  by  evaporating  the  alcohol. — 2.  Pulverised 
tannaspldic  acid,  gently  heated  with  hydrochloric  acid  and  chlorate  of 
potash,  is  converted,  after  a  while,  with  copious  evolution  of  chlorine, 
mto  a  fiery  orange-coloured  powder,  which  separates  as  the  liquid 
oools.    Has  an  add  reaction  and  a  sour  astringent  taste. 


.....*..  156*0 

41*46 

............      2*65 

10  H   

........     10*0 

8  CI  

106*5 

27*66 

18  O    

........  104*0 

C^CIW^O".... 

b. 
1560    ... 

376*5 

.....    40-60 
2*60 

27-64 

29-16 

100*00 

26  0  

Udt 
a, 

2-69    

2813    

40*39 

10  H 

3  CI 

10-0    ... 

106*5     ... 

2-90 
27-38 

14  O 

1120    ... 

29-38 

C»Cl»H«>OW  _  384-5    _ 

....  100-00 

10000     

100*00 

a  was  obtained  by  1 ;  6  by  2 ;  the  latter  is  Lack's  trichloroxytannsspidic  mdd,  for 
which  he  calcalates  the  formiUa  b.    The  two  acids  appear  to  be  identical.     (Kr.) 

The  acid  (prepared  by  1)  dissolves  in  cold,  and  blackens  hot  M  of 
vUHoL 

It  is  insoluble  in  water^  but  dissolves  with  brown  colour  in  aqueous 
alkaUa.    With  meUUUc  talUf  it  reacts  like  tannaspidio  acid. 
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Lead-salt.  ^Obts^ined  by  precipitating  the  alcoholic  solutioa  of  the 
acid  with  neutral  acetate  of  lead.  Brown  flocks,  forminff,  when  dry,  a 
bIack>brown  ahining  mass. 

Luck, 
a.  b, 

?5£- - 1560    ....    31^4     31-75    _    31.4^ 

^2  ?. ^^'^    •"•      205     2-H     ....      2-18 

3  CI 106-5    ....    21-80 

13  O 104-0    ....     21-29 

^O 112-0     ....     22-92     22-10     ....     22-30 


C«Cl»H«>OW,PbO  ....  488-5    ....  10000 
*  if  tlw  lead-salt  of  Lnck'f  tric^Iorazjtannaapidic  add  «  CQ^H^^^^^PbO. 

Terchlorotannaspidic  add  dissolves  easily  in  akohoL  The  solution 
forms  a  veiy  curdy  precipitate  with  solution  of  gelatin.  -« It  is  insoluble 
in  ether  aD<}  in  otZv,  hoih  fixed  and  volatile. 


4.  Qoadrichlorotaimaspidio  Add. 

Luos.    Jahrh  pr,  Pkarm,  22,  168. 

Air-dried  tannaspidic  acid  absorbs  chlorine  gas  with  rise  of  tem- 
perature and  evolution  of  hydrochloric  acid  gas,  and  forms  a  brown 
powder,  which  dissolves  easily  in  aqueous  alkalia  and  in  alcakoly  and 
gives  with  metallic  salts  the  same  reactions  as  t^imaspidic  add. 

Lack. 

26  C 156  aSIH  85-74 

12  H 12  2-73  2-81 

4  CI 142  82-83  3212 

16  0 128  29-33  29-33 

C»H»C1*0" 438  10000  100-00 


5,  So-called  Ethyl-tannaBpidic  Acid. 

Luck.    Jakrh.  pr.  Pharm.  22 f  169. 

One  pt.  tannaspidic  acid  is  digested  in  the  water-bath  with  14  pts. 
alcohol  of  86  p.  c.  and  2  pts.  hydrochloric  add  of  sp.  gr.  1-12,  for  an 
hour  or  two,  or  till  the  liquid,  when  viewed  in  thin  layers,  exhibits  a 
pure  purple-red  colour ;  any  powder  that  may  separate  is  dissolved  by 
addition  of  alcohol ;  and  the  hot-filtered  liquid  is  mixed  with  cold  water. 
The  light  red  precipitate  is  washed  and  dried. 

Li^t  purple  powder,  without  taste  or  smell.    Neutral. 

Ludc. 
mean;  in  vacuo. 

56  C    336     62-81     62'1*2 

31  H  31    5*79    5-79 

21  O   168    31-40    31-29 


C«*HnO» W5    100-00    ........  lOO'OO 


2k2 
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So,  according  to  Luck,  who  regards  this  compound  as  ethyl-tanna«pidie  acid, 
2C*'H%^,C^HH).  — The  body  does  not  exhibit  any  of  the  characters  of  an  acid 
ether,  but  appears  to  be  related  to  tannaspidic  acid  in  the  same  way  as  lcdiT«nth« 
or  rhodoxanthin  to  ledi-  and  rhodo-tannic  acids.    (Kr.) 

Decamposkiana.  1.  The  acid  txims  brown  when  exposed  to  the  ov*, 
more  quickly  at  100**.  —  2.  In  alcoholic  or  ether-alcohoUc  Bolution,  it 
decomposes  and  turns  brown  in  a  few  days — or  more  quickly  at  tem- 
peratures between  60°  and  80'',  less  easily  if  mixed  with  hydrochloric 
acid.  The  brown  solution  recovers  its  original  colour  when  treated 
with  hydrochloric  acid.  In  this  reaction,  according  to  Luck,  the 
eUiyl-tannaspidic  acid  is  resolved  into  alcohol  and  tannaspdic  add,  and 
on  subsequently  treating  the  product  with  alcohol  Mf  hydrochloric 
acid,  W.l  the  ethyl-tannaspidic  acid  is  reproduced.  The  alcoholic 
solution  did  not  however  exhibit  any  traces  of  newly  formed  aloohoi 
(Kr.).  —  3.  It  dissolves  with  orange-brown  colour  in  oil  of  vitrioL  — 
4.  With  nitric  acid,  it  forms  a  brown-red  substance.  —  5.  Tne  alcohdic 
solution  is  decolorised  by  chlorine,  —  7.  By  aqueous  ammomoy  or  pola^^ 
ley  of  sp.  gr.  1*2,  it  is  converted  into  a  dark-green  powder ;  in  case  of 
greater  dilution,  it  is  dissolved,  with  the  same  colour,  and  when  1^ 
to  itself,  or  heated,  it  is  converted  into  tannaspidic  add. 

Insoluble  in  water,  —  When  dissolved  in  alcohol,  it  forms  a  violet 
precipitate  with  chloride  of  barium,  calcium,  or  aluminium,  on  addition  c^ 
ammonia;  greenish  black  with,  ferrous  chloride  sjid  ferric  acetate;  violet- 
red  vdihprotochloride  of  tin ;  dark  brown  with  nitrate  of  silver  on  addition 
of  ammonia ;  dark  violet  with  bichloride  of  platinum. 

Lead-salts,  —  a.  Monobasic,  Formed  by  precipitating  the  cold 
alcohohc  solution  of  the  acid  with  neutral  acetate  of  lead.  The  pre- 
cipitate has  a  fine  dark  green  colour,  becoming  dirty  blue  green  on 
drying. 

CalculaiUm  according  to  Luck.  Luck, 

68  C  „ 336 51*97  ........  61-99 

31  H 31    .. 479  4*73 

21  0 168    25-99  2603 

PbO 112    17-25  17-25 

C"H«0»,PbO  647    100-00    100-00 

b.  With  a  larger  proportion  of  Lead-oxide,  —  Basic  acetate  of  lead 
throws  down  from  the  alcoholic  add  a  green  precipitate,  soon  becoming 
dingy  green.  It  contains  81*08  p.  c.  PbO,  and  is  therefore  perhM)s 
2C»H"0",C*H»0,2PbO  (calc  29-43  p.  c.  PbO.)    (Luck). 

The  add  dissolves  in  alcohol  with  dark  purple  colour.  The  solution 
produces  a  very  slight  turbidity  in  solution  of  gelatin,  —  The  add  is 
insolable  in  ether,  and  in  oils  both  Jixed  and  volatile. 


6.  Pteritannic  Acid. 

Luck.    Jahrb.  pr,  Pharm,  22,  173. 

See  Jkumoipidie  acid  (p.  496).    The  ethereal  solution  of  pteritannic  acid 
obtained  as  there  described  leaves,  on  evaporation,  a  blac^- brown 
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residue,  which  is  digested  with  distilled  rock-oil  as  long  as  the  oil  is 
thereby  coloured  brown.  The  undissolved  powder  is  collected,  pressed, 
triturated  and  boiled  with  water ;  the  residual  resinous  cake  is  dis- 
solved in  ether ;  and  the  solution  is  evaporated. 

Black-brown,  amorphous,  shining  mass,  yielding  a  fawn-coloured, 
electric  powder.    Tasteless,  with  a  faint  odour.    B^ts  slightiy  acid. 

Cdkulaiion  aeeording  to  Luck.  Lock. 

24  C 144     64-57    64-41 

15  H 15    6-72    6-90 

8  0 64     28-71     28-69 


C>*H"0»    ....  223    100-00    100-00 

Lack's  formula  should  be  doubled  to  make  it  agree  with  principles  of  the  Handbook 

Decompositions,  1.  When  gently  heated  on  platinum-foil,  it  melts, 
gives  off  balsamic  yapoiurs,  bums  with  a  luminous  flame,  and  leaves 
charcoal.  —  2.  It  dissolves  with  yellow-brown  colour  in  oil  of  vitrioL 
—  3.  Dry  chlorine  converts  it  into  bichloropteritannic  acid.  —  4.  By  boil- 
ing with  alcohol  and  hydrochloric  acidy  it  is  converted  into  Luck's 
ethylpteritannic  acid  (p.  503).  —  5.  In  warm  alkaline  solution  it  absorbs 
oxygen,  and  turns  brown-red. 

Insoluble  in  Water, — The  alcoholic  solution  forms  brown  precipitates 
with  chloride  of  barium  and  chloride  of  calcium  on  addition  of  ammonia, 
and  g^een  precipitates  with  proto-  and  sesqui-chloride  of  iron, 

Pteritannate  of  Lead,  a.  Sesquibasic,  —  Alcoholic  pteritannic  acidj 
mixed  with  excess  of  neutral  acetate,  or  with  basic  acetate,  of  lead, 
throws  down  monobasic  pteritannate  of  lead,  and  the  liquid  filtered 
therefrom  yields,  with  a  small  quantity  of  ammonia,  a  light  fawn- 
coloured  precipitate  of  the  sesqui-basic  salt. 

Luck. 

48  C 288 37-32  37*82 

29  H 29  3-75  398 

15  O 120  . .  15-56  14-75 

3  PbO «..  336  43-37  43*46 

2(C«H"07,PbO)  +  PbO.HO  ....  773    100*00    100-00 

b.  Monobasic,     Fk-eparation  just  dcBcribed« 

Lack. 

24  C 144    44'22  44-07 

14  H.. 14  ........  4-30  4-31 

7  0 66    .  17-22  17*52 

PbO 112 34-26  34-10 


C«H"07,PbO    ....  326    100-00    lOO'OO 

c.  JBiacid.  —  By  precipitating  alcoholic  pteritannic  acid  with  a 
quantity  of  neutral  acetate  of  lead,  not  sufficient  for  complete  pre- 
cipitation.   Grey-brown  precipitate. 

Luck. 

48  c  288  52-50  52*47 

29  H 29  5-28  5*31 

15  O 120  21-89  2212 

PbO 112  20-33  2010 


2CWH"07,PbO,HO ....  549    100-00    100*00 
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Pteritannio  add  diflsolves  in  Btrong  alcohol^  less  freely  In 
alcohol ;  easily  in  ether ;  but  is  insoluble  in  ot2s,  both  Jixed  ajid  volatile. 


7.  Bichloropteritannio  Acid. 

Luck.    Jahrb,  pr.  Pharm,  22,  178. 

Chlorine  gas  is  passed  into  water  containing  pteritannic  acid  in 
suspension,  and  the  product  is  washed,  dried,  and  purified  by  eolation 
in  ether. 

Light  loam-coloured  powder,  tasteless,  but  with  a  slight  £raitj 
smelL 

Calculation  aeeordinf  to  Lndr.  Lack. 

24  C  .... a 144  47-87  47*54 

14  H 14  .......  4-65  4-80 

2  CI ri  23-54  23-3S 

9  0 72  23-94  24*33 

C«H»CIK)8,H0   301    10000    lOOOO 

Insoluble  in  too^^r.-— Reacts  with  metalUc'SaUs  like  terchloropteri- 
tannic  add. 

Lead-salts.  —  By  precipitating  the  alcoholic  acid  with  neutral  acetate 
of  lead,  precipitates  are  formed,  contaioing  from  5  to  15  p.  c  PbO.  — 
The  monobasic  salt  is  obtained  by  precipitating  the  alcohcMic  acid  with 
basic  acetate  of  lead. 

Luck. 

24  0 144  35-70  35-85 

13  H 13  3-22  3-23 

2  CI 71  17-58 

8  0 64  15-84 

PbO 112  27-66  27-63 


C"H"Cl«0«,FbO  404  10000 

Bichloropterritannic  acid  dissolves  in  alcohol  and  ether^  but  is  in- 
soluble in  oUsy  both  fixed  and  volatile. 


8.  Terchloropteritaimic  Acid. 

LuoK.    Jahrh.  pr.  Pharm,  22,  177. 

Dry  chlorine  gas  is  passed  over  dry  pteritannic  acid ;  the  restdting 
hydrochloric  acid  is  expelled  by  dry  air,  and  the  product  is  purified 
by  solution  in  alcohol 

Orange-coloured  powder,  having  a  faint  peculiar  odour,  a  scaroely 
bitter  taste,  and  an  acid  reaction. 
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CaieuUition  aeeordrng  i 
24  C  144-0    ..., 

fo  Luck. 

....     19*63    .. 

1....     «>«  oo     •.< 

Luck. 
4413 

3  CI 106-5    .... 

......      3-91 

19-77 

8  O  64-0    .... 

32-19 

C«H»aCl>0». 326-6    .... 

.....  10000    „ 

......  10000 

When  heated  on  platinum-f oil,  it  *melts  and  gives  off  acid  vapours. 

It  is  insoluble  in  tccUer.  —  It  dissolves  with  brown  colour  in 
aqueous  aUcalis.  —  The  alcoholic  solution  forms  a  green  precipitate 
with  protO'  and  sesqui-chloride  of  iron^  light  brown  with  chlonde  of 
cojypeTj  no  precipitate  with  chloride  of  calcium  or  barium,  nitraU  qf 
silver^  or  tartar-emetic, 

Lead-mlt.  —  From  an  alcoholic  solution  of  terchloropteritannic 
acid,  basic  acetate  of  lead  throws  down  a  precipitate  which  contains 
25-27  p.  c.  PbO,  and  is,  therefore,  C*H»ClKy,PbO  (calc.  25-48  PbO^. 

The  acid  dissolves  readily  in  alcohol  and  ether,  but  is  insoluble  in 
oils,  both  fixed  and  volatile.  It  forms  a  slight  precipitate  with  gelatin^ 
solution. 


9.  So-called  Ethyl-pteritaimio  Acid. 

Luck.    Jahrh.  pr.  Pharm,  22, 179. 

A  solution  of  pteritannic  add  in  absolute  alcohol  is  boiled  with  a 
small  quantil^  of  hydrochloric  acid,  and  the  purple-red  solution  is  (a) 
either  dropt,  with  stirring,  into  a  large  quantity  of  water,  or  (6)  mixed 
with  a  small  quantity  of  water. 

Prepared  by  a:  Light  purple- violet  powder;  by  hi  Black-red 
resin,  yielding  a  dark-red  powder.  Tasteless,  with  scarcely  acid  reaction. 


CtdeuUititm 
a. 

according  to  Luck. 

Luck. 

b. 

52  C 

34  H    .. 
16  O    .. 

■•••«•■•••• 

65-82 

717 

27-01 

52  C    

33  H  .•••. 
15  O  

...    67-09    .... 
7-09    .... 

...     Ztf-Bs     .... 

....     65-74 
....       7-22 
....    27-04 

.... 
.... 

67-03 

7-05 

26-92 

C«H»«0" lOOOO  C«H»0»....  10000    100-00    ....  100-00 

Luck  splits  the  formula  a  into  2C"H"07,C*H»0,HO  ;  h  into  2C«H"07,C«H«a 
—  Till  tbfi  resolution  of  the  so-called  eihyl-pteritannic  acid  into  pteritannic  acid  and 
alcohol  is  established  by  ezperimeDty  this  bodj  may  be  more  probably  itf arded  as  a 
compound  analogous  to  ledizanthin  (p.  528}  and  rhodoxanthin,    (Kr.) 

When  dissolved  in  alcohol,  it  decomposes,  with  formation  of 
pteritannic  acid,  less  easily  when  mixed  with  hydrochloric  acid.  —  It 
is  decomposed  by  chlorine  or  by  nitric  acid,  —  Its  solution  in  aqueous 
ammonia  or  potash  turns  brown  on  standing. 

The  acid  is  insoluble  in  water,  but  dissolves  with  brown  colour  in 
oil  of  vitriol,  and  is  precipitated- therefrom  by  water.  —  It  dissolves 
with  green  colour  in  aqueous  alkalis,  —  The  alcoholic  solution  mixed 
with  a  little  ammonia  forms  a  green  precipitate  with  chloride  of  barium 
or  calcium,  bluish  violet  with  chloride  of  cduminium,  blackish  green  with 
protO'  or  sesqui'Chloride  of  iron.    It  precipitates  cupric  acetate  violet. 
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Colours  protO'chloride  of  tin  violet,  and  on  addition  of  ammonia,  pre- 
cipitates it  bluish  green. 

Lead'SaU.  The  alcoholic  solution  of  the  acid  forms  with  neutral  and 
basic  acetate  of  lead,  green  precipitates  which  become  violet-grej 
when  dry.  The  precipitate,  formed  with  an  insufiSdent  quantity  ol 
the  neutral  acetate  containB  10*5  p.  c.  PbO ;  that  formed  with  excess 
of  the  neutral  acetate  or  with  an  insufficient  quantity  of  basic  acetate, 
contains  21*55  p.  c. ;  and  that  formed  with  excess  of  the  basic  acetate, 
contains  33*59  p.  c.  PbO. 

Ethyl-pteritannic  add  dissolves  easily  in  alcohol  and  in  ether,  form- 
ing purple  solutions.  It  produces  but  slight  turbidity  in  solution  of 
gekitin* 


K'^CaffetatmiG  and  Viridic  Adds. 

Caffetannic  Add, 

Pfaff.    Schw.  62,  81. 

BoLLE.  N.  Br.  Arch.  25,  271. 

BocHLEDER.    Aim.  Phorm.  59,  SOO.  ^^  Ann.  Pharm.  63,  193;    abstr. 

Pharm.  Centr.  1847,  913.  —  Wien.  Akad.  Ber.  1,  224 ;  Ann.  Pharm. 

66,  35  ;  Pharm.  Centr.  1848,  697 ;  Wien.  Akad.  Ber.  1,  228  ;  Ann. 

2 harm.   66,   39;    Pharm.    Centr.   1848,   701.— IFim.   Akad.  Ber. 

7,  815  ;  J.  pr.  Chem.  56,  93 ;  Ann.  Pharm.  82,  194 ;   Pharm.  Centr. 

1852,  364.  —  Wien.  Akad.  Ber.  24.  39 ;  J.  pr.  Chem.  72,  392 ;  C^am. 

Centr.  1858,  75. 
Paten.     Compt.  rend.  22,  724 ;   23,  8,  and  244 ;  N.  Ann.  Chim,  P^. 

26,  108 ;  J.  pr.  Chem.  38,  471. 
BocHLEDER   &  Hlasiwetz.   Wien.  Akad.  Ber.  5,   6;   J.  pr.   Chem. 

51,  415 ;  Ann.  Pharm^  76,  338 ;  Chem.  Gaz.  1851,  121. 

Ctffeie  acid  (Roclileder).  Diioovered  by  Pfaff.  The  latter,  on  predpitatiDg  the 
aqveooa  deooctioD  of  coffee-beans  with  neutral  acetate  of  lead,  and  decompoein;  the 
preeipitaie  underwater  with  hydrosulphnrio  add,  and  evaporating  the  filtrate  to  a  symp, 
found  that  it  separatod  into  a  soluble  portion  oontaining  caffetannie  add,  and  an  insola* 
ble  portion  containiog  arwauitie  ceffeie  acid.  Bolle  and  Roehleder  were  unable  to 
find  the  latter.  —  With  caffetannie  add  we  shall  here  place,  as  Roehleder  does,  Payen's 
ohlorogenic  add  separated  from  the  Stl  naiurtl  du  eij^i,  or  chlorogenate  of  caffeiDe  and 
potash,  whereas  Zwenger  H  Siebert  (Ann,  Pharm,  Suppl.  1,  77)  regard  that  salt  as 
identioLl  with  the  kinic  add  which  they  found  in  coffee  Against  the  latter  view  must 
be  alleged,  amongst  other  statements  of  Payen,  that  his  Set  naturel  contains  nitrogen. 

Occurrence.  In  the  beans  and  leaves  of  the  cofFee-tree  {Randb.  viii, 
Phytochem.  55^,  in  the  leaves  of  Ilex  paraguayensia  (pnd.  22),  and  in  the 
root  of  Chiococca  ramosa  {ibid.  56). 

RuDge's  Verdk  add  (Gncntdure).  —  In  the  root-stock  of  Scabio$a 
sucdsa,  as  well  as  in  many  Compositce  {Handb.  viii,  Phytochem.  70.)  in 
SynantharecB  (ibid.  65)  and  in  UmbellifercBy  there  is  found  an  acid,  form- 
ing, with  ammonia,  a  yellow  compound,  which  turns  blue-green  in 
contact  with  the  air.     This  verdic   acid  is,  according  to  Bnnge, 


CAFFETANNIC  ACID.  505 

• 

characteristic  of  the  above-mentioned  tribes  of  plants;  it  exhibits 
some  points  of  resemblance  to  valerotannic  acid  (p.  533),  also  to 
caffetannic  acid  and  rubichloric  add  (see  Bubian).  —  The  root-stock  of 
Scabiosa  auccisa^  after  being  cleansed,  pulverised,  and  dried,  is  ex- 
hausted with  alcohol;  the  solution  is  precipitated  with  ether;  the 
white  precipitate  is  collected  and  washed  with  ether,  and  its  aqueous 
solution  is  precipitated  with  neutral  acetate  of  lead.  On  decomposing 
the  precipitate  under  water  v^ith  hydrosulphuric  acid,  and  evaporating 
the  filtrate,  the  verdic  acid  remains  as  an  amorphous,  yellow,  brittle, 
and  acid  mass.  The  aqueous  solution  of  this  verdic  acid,  if  exposed 
to  the  air  without  being  mixed  with  ammonia,  does  not  undergo  any 
alteration,  but  if  ammonia  is  present,  tlie  solution  takes  up  oxygen 
and  turns  green ;  the  same  effect  is  produced,  in  a  less  degree  in 

Sresence  of  potash  or  soda.  The  green  compound  thus  formed,  is 
ecolorised  by  contact  with  zinc-amaJgam,  and  becomes  ^een  again 
by  contact  with  the  air.  From  the  green  solution,  adds  tnrow  down 
a  red-brown  predpitate,  which  dissolves  with  green  colour  in  the  fixed 
alkalis  and  in  ammonia.  —  The  salts  of  the  alkaline  earths  and  heavy 
metallic  oxides  form  white  precipitates  with  colourless  verdic  add, 
dark  green  precipitates  with  the  green  variety.  Neutral  acetate  of 
lead  predpitates  the  former  yellow,  the  latter  blackish  green ;  this 
last  mentioned  lead-salt  contains  more  oxygen  than  the  yellow. 

Preparation  of  Caffetcmnk  Acid.  —  Coffee-beans  dried  at'  60°  and 
pulverised  are  e:uiausted  with  ether,  which  takes  up  fat,  caffeine,  and 
a  small  quantity  of  caffetannic  acid ;  the  residual  powder  is  boiled 
with  alconol  of  40  per  cent. ;  the  filtrate  is  mixed  with  twice  its  own 
bulk  of  water ;  the  precipitated  fat-flocks  are  separated ;  the  liquid  is 
boiled;  solution  of  neutral  acetate  of  lead  is  added  to  it;  and  the 
whole  is  boiled  for  a  few  seconds,  which  causes  the  precipitate  to  con- 
tract, and  renders  it  easier  to  filter.  The  precipitate  is  washed  with 
water  containing  alcohol,  decomposed  under  water  with  hydrosulphuric 
acid,  and  the  pale  yellow  filtrate  is  evaporated  over  the  water-bath 
(Rochleder).  —  When  the  decoction  of  coffee-beans  is  mixed  in  separate 
portions  with  neutral  acetate  of  lead,  the  precipitate  first  formed  con- 
tains citric  acid,  the  latter  only  caffetannic  acid.  When  the  aqueous 
decoction  is  completely  precipitated  with  neutral  acetate  of  lead,  the 
precipitate  decomposed  witn  hydrosulphuric  acid,  and  the  filtrate 
evaporated  to  a  syrup,  a  mixture  of  caffetannic  acid,  with  its  salts 
and  citric  acid,  is  obtained,  which  yields,  with  neutral  acetate  of 
lead,  a  lemon-yeUow  precipitate,  containing  acetic  acid.  An  impure  lead- 
salt  of  tliia  kind  is  described  in  Ann.  Pharm,  63,  200  (RocUeder). 

See  also  the  preparation  of  Tiridic  add  (p.  51 0),  and  that  of  the  lead-salts  (p.  510). 

When  Fayen's  chlorogenate  of  caffeine  and  potash  (p.  509)  is  de- 
composed by  an  equivalent  quantity  of  sulphuric  acid,  and  the  solution 
mixed  with  pounded  marble  and  evaporated  to  dryness,  alcohol  extracts 
from  the  residue  acid  chlorogenate  of  caffeine,  the  acid  of  which  may 
be  precipitated  by  basic  acetate  of  lead.  In  like  manner,  by  precipi- 
tating the  alcoholic  solution  of  chlorogenate  of  caffeine  and  potash 
with  basic  acetate  of  lead,  or  by  triturating  the  salt  with  water  and 
oxide  of  lead,  chlorogenate  of  lead  is  obtained,  which,  in  the  latter 
case,  is  retained  in  solution  by  help  of  the  potash^  and  may  be  precipi- 
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tated  by  passine  carbonic  add  into  the  liquid.  The  washed  lead-salt^ 
decomposed  by  hydrosulphuric  acid,  yields  aqneons  chlorogenic  acid, 
which,  by  rapd  evaporation,  may  be  obtained  as  a  confused 
crystalline  mass.  This  acid  is  white  ;  separates  from  its  aqueous  solu- 
tion by  slow  evaporation  in  microscopic  prisms,  containing  56*0  p.  c.  C, 
5-6  U.,  and  88-4  O.,  agreeing  with  the  formula  C"I1*0'  (calc  56*7  p.  c  C, 
and  5*4  H.) ;  and  has  a  strong  acid  reaction.  When  heated,  it  melts, 
turns  yellow,  chars,  aiid  gives  off  a  brown  liquid.  It43  lead-salt  contains 
60  p.  c.  lead-oxide.    It  is  more  soluble  in  aqueous  than  in  absolute 

alcohol. 

» 

Properties  of  Caffetannic  Acid.  —  Brittle  mass,  which  may  be  rubbed 
to  a  yellowish  white  powder;  has  a  slightly  sour  and  somewhat 
astringent  taste  (Rochleder). 

Rooktodof. 
mi  100*.  mttm. 

o  u  .«.••••••••.       o     .M..M.       d*41     ••.•.»M       9*04 

7  0 56    37*84    37*93 

C"HK)7 148    .......  100-09    10000 

Rochleder  formerly  gvft  the  Ibrmola  C^H'O",  which  requires  nearlj  the  nme 
nnmben.  '^  For  Lauient'i  formula^  lee  Campt,  remd*  35,  161. 

Decompontums.  1.  When  caffetannic  acid  is  subjected  to  c^  cKir- 
tillation^  the  melting  mass  swells  up,  and  gives  off,  first  water,  then  a 
yellowish  viscid  distillate,  smelling  like  carbolic  acid,  together  with 
oil-drops,  and  leaves  charcoal.  The  viscid  distillate,  collected  apart, 
solidifies  to  a  crystalline  mass  of  pyrocatechin.  The  acid  heated  on 
platinum  foil  gives  off  an  unpleasant  odour  of  acetic  acid,  burns  with  a 
bright  flame,  and  leaves  a  residue  of  charcoal.  Heated  in  a  glass  tube, 
it  emits  the  odour  of  burnt  coffee  (Rochleder).  —  2.  The  solution  in  oil 
o/'tn'frib/ assumes  a  blood-red  colour  when  heated,  and  is  decolorised 
and  precipitated  by  water.  When  aqueous  caffetannic  acid  is  boiled 
for  several  hours  with  dilute  sulphuric  acid,  it  is  partially  oxidised  to 
viridic  acid  (p.  610),  but  remains  for  the  most  part  unaltered.  — 
8.  Nitric  add  produces  in  the  concentrated  aqueous  solution  a  violent 
evolution  of  gas ;  dilute  nitric  acid  forms  prussic  acid  and  a  largo 
quantity  of  oxalic  acid,  but  no  peculiar  acid  (Rochleder). 

4.  On  mixing  caffetannic  acid  with  a  concentrated  aqueous  solu- 
tion of  bichromate  of  potaeh^  the  liquid  acquires  a  darker  colour,  and 
deposits  flocks,  an  additional  quantity  of  which  is  thrown  down  by 
acetic  add.  —  These  flocks,  after  drying  in  vacuo,  contain  33*34  p.  c.  C, 

4*27  n.,  41*61  0.,  and  20*78  CrH)*  (or  a  quantity  of  ehromic  add  eqnWaleat  to 

tins  quantity  of  chromic  oxide)  Corresponding  to  the  formula  C**H"0*,2Cr*0' 
(Rochleder  k  Payr.). 

5.  In  contact  with  aqueous  ammonia^  caffetannic  acid  absorbs  oxygen^ 
and  is  converted  into  viridic  acid  (p.  610).  Carbonic  acid  is  produced 
at  the  same  time  (Rochleder).  —  6.  Caffetannic  acid,  mixed  with 
potash-ley^  assumes  a  brown  colour  in  contact  with  the  air.  Alcohol 
precipitates  the  resulting  potash-salt,  partly  as  a  resin,  partly  as  a 
syrup,  which  dissolves  in  water,*  after  the  slightly  coloured  spirit  has 
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been  poured  off.  From  this  solution,  after  it  has  been  neutraKsed  with 
acetic  acid,  neutral  acetate  of  lead  throws  down  a  brown  precipitate, 
whereas  a  gi*een  precipitate  is  produced  if  the  solution  has  been  pre- 
viously boiled  (Rochloder).  When  a  moderately  concentrated  aqueous 
solution  of  caffetannic  acid  is  mixed  with  potash-ley  till  it  exhibits  an 
alkaline  reaction,  and  left  for  a  Wefek  in  contact  with  the  air,  the  liquid, 
which  is  brown  after  the  potash  has  been  added,  acquires  a  darker 
colour,  and  becomes  opaque.  The  light  brown  salt,  then  precipitated 
by  neutral  acetate  of  lead,  after  neutralisation  with  acetic  acid, 
contains,  on  the  average,  28*60  p.  c.  C,  2*08  H.,  18-10  0.,  and 
51-22  PbO.,  as  reqmred  by  the  formula  4  (C»H»(y,PbO)  +  2  C"HW,3Pt)0. 
If  the  remainder  of  the  alkahne  liquid  be  exposed  to  the  air  for 
another  8  days,  the  lead-precipitate  obtained  from  it  is  dark  brown, 
and  contains,  on  the  avera^,  21-83  p.  c.  C,  1-51  H.,  16-82  0.,  and 
60-34  PbO.  The  latter  precipitate  is  regarded  by  Liebich  as  a  mixture 
of  a  basic  and  a  neutral  salt  of  an  acid  containing  G^^RHy,  according  to 
the  formula  5  (C»HH)',2PbO)  +  C"HK)',PbO  (G.  Liebich,  Ann.  Pharm. 
71,  57).  —  6.  The  aqueous  solution  of  caCFetannic  acid  exposed  to  the 
oiir,  in  contact  with  bicarbonate  of  limey  yields  viridic  acid,  and  a  black 
product  insoluble  in  acid  water,  which  forms  a  dark  violet  compound 
with  lime  (Rochleder).  —  7.  From  a  moderately  dilute  solution  of 
nitrate  of  silvery  it  throws  down  a  precipitate  from  which  metallic  silver 
separates  on  heating  or  standing  (Bochleder). 

Combinations.  Caffetannic  acid  dissolves  readily  in  watery  and  is  not 
precipitated  by  alcohol  even  from  the  syrupy  solution.  It  dissolves  in 
oil  of  vitriol. 

Oaffetannic  acid  dissolves  in  aqueous  ammonioy  with  yellow  colour, 
and  in  strong  potask-leyy  with  reddish  yellow  colour,  becoming  pale 
yellow  when  the  liquid  is  heated.  Its  compounds  with  baryta  and 
ume  are  yellow,  and  quickly  turn  green  on  exposure  to  the  air,  unless 
the  acid  is  in  excess  (RocMeder.  ^id.  »up.)« 

Baryta-saU.  —  Concentrated  aqueous  caffetannic  acid  is  neutralised 
with  the  necessary  quantity  of  baryta- water ;  an  equal  quantity  of 
caffetannic  acid  is  added  (since  the  neutral  salt  would  decompose) ;  the 
solution  is  evaporated  over  the  water-bath,  and  alcohol  added  by  small 
poi*tions  towards  the  end  of  the  process.  As  soon  as  the  evaporation 
has  been  carried  so  far  that  a  drop  of  the  liquid  placed  upon  a  cold 
glass  plate  becomes  milk-white,  or  throws  out  resinous  nocks,  the 
solution  is  strained  through  linen  into  a  warmed  glass,  a  few  flocks 
then  remaining.  The  filtrate,  on  cooling,  solidifies  to  a  transparent 
colourless  jelly,  which  is  to  be  pressed  between  linen  and  paper,  and 
dried  at  100**.  Faintly  greyish  yellow,  earthy  mass,  containing 
46-29  p.  c.  C,  4-57  H.,  80*69  0.,  and  18-45  BaO  (Rochleder). 

When  baryta- water  in  excess  is  added  to  aqueous  caffetannic  acid, 
a  pale  yellow  precipitate  is  formed  if  the  excess  of  baryta  is  small, 
but  with  a  larger  excess,  an  orange-yellow  precipitate  is  formed,  which 
turns  green  and  brown  on  the  filter. 

Lead^aks.  —  The  lead-salts  of  caffetannic  acid  do  not  oxidise  so 
readily  in  contact  with  the  air;  nevertheless  they  exhibit  a  variable 
constitution,  and  cannot  be  heated  above  100^  without  change 
(Rochleder). 
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a.  When  the  alcoholic  decoction  of  coffee-beans,  after  beings  freed 
from  fat,  is  heated  to  the  boiling  point-,  and  precipitated  ^^th  solutioa 
of  neutral  acetate  of  lead,  the  resulting  yellow  precipitate,  Tvaahed  with 
alcohol  and  dried  at  100°,  contains  25-28  p.  c.  C,  2-29  JBL,  13-73  (X, 
and  58-70  PbO  (Rochleder). 

b.  When  a  boiling  aqueous  solution  of  neutral  acetate  of  lead  is 
precipitated  by  pouring  a  decoction  of  coffee-beans  into  it  by  smaO 
portions,  a  {^e  yellow  gummy  precipitate  is  formed,  which,  after 
washing  with  alcohol  and  drying  at  100°,  contains  24*78  p.  c  C,  2*41  fi^ 
15-49  0.,  and  57-37  PbO  (RodJeder). 

c.  From  a  concentrated  aqueous  solution  of  caffetannic  add, 
aqueous  neutral  acetate  of  lead  throws  down  at  first  a  i^hite  pre- 
ciptate,  which  becomes  yellow  when  more  acetate  of  lead  is  added. 
The  first  precipitate  melts  at  100  "^  to  a  green  oil,  which  then  solidifies 
to  a  brittle  resin,  and  contains  7  at.  acid  (according  to  Rochleder's  older 
formala  G^'H^O^  to  4  at.  lead  oxide.  The  yellow  precipitate  contaiDs 
42-44  p.  c.  C,  and  4*16  H.  —  By  precifHtating  concentrated  aqueous 
caffetannic  acid  with  neutral  acetate  of  lead,  another  salt  was  once 
obtained,  containing  35*34  p.  c.  C,  and  40*25  PbO. — Another  lead- 
salt  accidentally  formed,  contained,  at  100"",  29*88  p.  c.  C,  2-43  H^ 
1615  0.,  and  51*54  PbO.  (Rochleder.) 

d.  When  dried  coffee-beans  are  boiled 'with  alcohol  of  40°,  the 
filtrate,  while  still  hot,  precipitated  with  neutral  acetate  of  lead,  the 

Erecipitate  washed  with  alcohol,  and  decomposed  under  alcohol  with 
ydrosulphuric  acid,  and  the  filtrate,  after  being  freed  from  hydrosul- 
phuric  acid,  poured  into  an  excess  of  alcoholic  neutral  acetate  of  lead, 
the  resulting  precipitate  dried  at  100**,  contains  25-00  p.  c  C,  2-4  H^ 
16-89  0.,  and  85-87  PbO.,  answering  to  the  formula  C*»H"*0**,5PbO,  or 
8C^*H«0^5PbO.  (Rochleder.) 

e.  When  an  extract  of  coffee-beans,  prepared  with  cold  aqueous 
alcohol  is  precipitated  with  neutral  acetate  of  lead,  the  precipitate 
decomposed  under  water  by  hydrosulphuric  acid,  the  filtrate  evaporated 
to  a  syrup,  this  syrup  precipitated  with  absolute  alcohol  and  filtered, 
the  filtrate  evaporated,  and  the  residue  dissolved  in  water,  and  freed 
from  fat  by  addition]  of  a  few  drops  of  neutral  acetate  of  lead, — the 
filtrate,  poured  into  an  excess  of  aqueous  neutral  acetate  of  lead,  forms 
a  precipitate  which,  after  washing  with  cold  water,  becomes  greenish 
at  100°.  This  precipitate  contains,  on  the  average,  28-32  p.  c^  C-, 
2-58  H.,  19-01  0.,  and  50*09  PbO.,  and  is,  therefore,  C«H»K)«,4PbO  or 
3C"irO',4PbO.  (Rochleder.) 

/.  From  the  alcoholic  decoction  of  the  bark  of  cainca-root,  alcoholic 
neutral  acetate  of  lead  throws  down  a  precipitate  which  contains 
small  quantities  of  caincin  and  mineral  acids,  and  when  decomposed 
by  hydrosulphuric  acid,  and  several  times  fractionally  precipitated  by 
neutral  acetate  of  lead,  yields  caffetaimate  of  lead  containing 
40-83  p.  c.  C,  4-11  H.,  29*40  0.,  and  25*66  p.  c.  PbO.  (Rochleder  i, 
niasiwetz,  Wien.  Akad,  Ber.  5,  6.) 

g.  The  lead-salt  of  caffetannic  acid  from  Ilex  paragtiayensis  contains 
22-84  p,  c.  C,  2*20  H.,  19*64  0.,  and  59-32  PbO.,  answering  to  the 
formula  C"H*0',2PbO.  It  is  obtained  by  exhausting  the  bruised  herb 
with  alcohol  of  40°,  mixing  the  filtrate  with  alcoholic  neutral  acetate 
of  lead,  removing  the  precipitate  as  long  as  it  does  not  exhibit  a  pure 
yellow  colour,  and  completely  precipitating  the  filtrate.  The  last 
precipitate  is  washed  with  alcohol,  and  decomposed  under  alcohol 
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with  hydroBtilphuric  acid ;  the  filtrate,  after  being  freed  from  sulphide 
of  lead  and  excess  of  hydrosulphuric  acid,  is  reprecipitated  with 
alcoholic  neutral  acetate  of  lead ;  and  the  precipitate  is  washed  with 
alcohol  and  dried  at  100°.  (Eochleder.) 

Aqueous  caffetannic  acid  does  not  precipitate  ferrous  mlphatey  but 
on  addition  of  ammonia,  an  almost  black  precipitate  is  formed,  which 
dissolves  in  acetic  acid  with  bottle-green  colour.  The  precipitate 
contains  variable  quantities  of  protoxide  of  iron;  the  carbon  and 
hydrogen  are  in  tne  same  proportion  as  in  free  caffetannic  acid. 
(Kochleder.)  Aqueous  caffetannic  acid  forms  a  dark-green  precipitate 
with  ferric  chloride. 

Caffetannate  of  Copper  is  obtained  from  an  acid  solution  as  a  grey 
salt  of  variable  composition,  which,  so  long  as  it  remains  moist,  melts 
at  100°  to  a  green  resin,  and  dissolves  with  green  colour  in  water 
containing  a  little  ammonia,  with  blue  colour  when  more  anmionia  is 
present.    The  basic  copper-salts  are  green.  (Rochleder.) 

Caffetannic  acid  dissolves  in  all  proportions  in  alcohol^  even  when 
absolute, 

Chlorogenate  of  Caffeine  and  Potash, — See  page  504.  —  When  coffee 
powder  exhausted  with  ether  is  treated  with  alcohol  of  60  p.  c,  the 
solution  evaporated  to  a  syrup,  and  this  syrup  mixed  with  three  times 
its  volume  of  alcohol  of  85  p.  c,  the  Uquid  separates  into  two  layers, 
the  upper,  which  is  mobile,  containing  the  greater  part  of  the  chloro- 
genate of  caffeine  and  potash.  The  remaining  quantity  of  this  salt 
may  be  obtained  by  dissolving  the  lower  viscid  layer  in  a  small 
quantity  of  water,  mixing  it  with  alcohol,  and  pouring  off  the  alcoholic 
solution.  The  united  alcoholic  solutions  are  evaporated  to  a  syrup ; 
this  syrup  is  mixed  with  a  little  alcohol,  and  left  to  crystaUise ;  and 
the  product  is  purified  by  washing  and  recrystallisation  from  weak 
spirit. 

Radiate  prisms,  united  in  spheroidal  groups.  The  salt  dried  at 
100°  becomes  electric  by  trituration  on  the  still  warm  paper,  and 
attaches  itself  in  long  flakes  to  a  knife  held  above  it.  —  It  contains 
60-74  p.  c.  0.,  5-38  H.,  9-12  N.,  and  7-50  KO.,  or  63-5  chlorogenic  acid, 
29*0  caffeine,  and  7'5  potash.  — It  does  not  change  at  150°,  but  melts 
at  185°  to  a  yellow  mass,  which  swells  up  to  five  times  its  original 
volume,  but  remains  solid  and  friable.  At  200°  it  decomposes,  turns 
brown,  and  gives  off  vapours  which  Jcondense  to  crystals  of  caffeine ; 
when  further  heated,  it  melts  again,  gives  off  a  large  quantity  of 
ammonia,  swells  up  to  twenty  times  its  original  bulk,  and  leaves  a 
very  light  iridescent  charcoal.  The  aqueous  solution,  when  exposed 
to  the  air,  turns  yellow  and  afterwards  greenish-brown.  It  is  not 
altered  by  nitrate  of  silver,  but  becomes  yellowish-brown  on  addition 
of  a  small  quantity  of  ammonia.  The  mixture,  after  standing  for 
some  time,  ^becomes  turbid  from  separation  of  metallic  sflver.  When 
the  aqueous  solution  is  mixed  with  a  few  drops  of  ammonia,  and 
exposed  to  the  air  in  a  shallow  dish,  the  water  and  ammonia  being 
frequently  renewed,  it  assumes,  in  the  course  of  24  hours,  first  a 
yellow,  then  a  green  and  blue-green,  and  ultimately  a  brown  colour, 
if  it  be  evaporated  to  dryness  after  20  or  30  days,  anhydrous  alcohol 
extracts  caffeine  from  the  dark  brown  residue.  —  Oil  of  vitriol,  heated 
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with  the  salt,  colours  it  dark  violet;  hydrochloric  add  acts  ia  a 
similar  manner,  whereas  nitric  acid  produces  an  orange-yellow^  explora- 
tion. The  crystals,  gently  heated  with  lumps  of  potash,  assunie  a 
scarlet  or  orange-red  colour ;  and  at  a  stronger  heat,  the  mass  melte, 
turns  brown,  gives  off  a  large  quantity  of  ammonia,  and  decomposes. — 
On  the  preparation  of  chlorogenic  add  from  chlorogenate  of  caffdne  aod  potasl^  see 
page  505. 

Chlorogenate  of  caffeine  and  potash  is  very  soluble  in  ^vrater,  the 
the  hot  saturated  solution  sohdifiea  on  cooling.  For  the  decompoatwu  of 
the  aqueous  solution,  see  page  509. — It  forms  a  greenish-yellow  precipitate 
with  neutral  acetate  of  lead,  and  from  the  basic  acetate  it  throws 
down  flocks  of  a  pure  yellow  colom*.  —  In  absolute  alcohol  it  is  nearly 
insoluble  even  when  heated ;  in  ordinary  alcohol  it  dissolves  more 
abundantly  as  the  proportion  of  water  is  greater,  and  crystaUisea  from 
the  solution  on  cooling.  (Payen.) 


Yiridic  Add. 

Rocm-EDER.    Ann.  Pharm.  63,  193.—  Wien,  Ahad.  Ber.  1,  227;  Ann. 
Pharm.  66,  38. 

Produced  from  caffetannic  acid  by  oxidation  ia  presence  of  aqneoos 
ammonia  (p.  506)  (Roohleder);  under  the  same  influences  from 
quinovatannic  acid  (p.  485)  (Hlasiwetz). 

Preparation. — 1 .  When  the  alcoholic  decoction  of  dried  and  pulverised 
coffee-beans  is  mixed  with  water  to  separate  fat,  the  filtrate  heated  to 
the  boiling  point  with  neutral  acetate  of  lead,  and  the  precipitate 
decomposed  under  water  with  hydrosulphuric  acid,  aqueous  caffetannic 
acid  is  obtained,  which,  when  supersaturated  with  ammonia,  Ai«mm«^ 
a  colour  varying  from  dark  yellow  to  red  brown,  and  changing  in  con- 
tact with  the  air  to  greenish  yellow,  and  after  36  hours,  to  blne-gieen. 
To  prepare  vuidic  acid,  the  blue-green  liquid  is  mixed  with  excess  of 
acetic  acid,  then  with  alcohol,  whioh  throws  down  black  flocks,  of  a 
compound  similar  to  metagalUc  add,  which  is  formed  at  the  same  time 

[but  not  neoessarily,  according  to  Roohleder  {Witn.  Akad.  Ber.  1,  227),]  — the 

hquid  is  then  filtered,  and  the  brown  filtrate  precipitated  with  neutral 
acetate  of  lead.  —  2.  When  the  aqueous  extract  of  coffee-beans,  pre- 
viously exhausted  with  alcohol,  is  precipitated  at  the  boiling  heat  with 
neutral  acetate  of  lead, — the  yellow  precipitate  decomposed  un& 
alcohol  with  hydrosulphuric  acid,  and  the  filtrate,  after  being  freed 
from  excess  of  hydrosulphuric  acid,  supersaturated  with  ammonia, 
exposed  to  the  air  for  24  hours— and  then  mixed  with  2  vol  alcohol 
of  40'',  a  greenish-blue  precipitate  is  formed,  which,  when  washed 
with  alcohol  containing  acetic  acid,  then  dissolved  in  acetic  add  and 
precipitated  with  neutral  acetate  of  lead,  yields  viridate  of  lead. 

By  decomposing  the  lead-salt  with  aqueous  hydrosulphuric  acid, 
and  removing  the  sulphide  of  lead,  aqueous  viridio  acid  is  obtained 
as  a  brown  liquid,  which,  when  evaporated,  leaves  a  brown  amorphous 
mass.  This  substance  dissolves  easily  in  tpoUr,  with  fine  carmine 
colour  in  oil  of  vitriol^  and  is  precipitated  therefrcMn  in  bine  flooka  by 
water.  ^ 
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Aqueous  viridic  acid  assumes  a  dark  green  colour  when  mixed  with 
ammoniay  potash  or  soda.  Baryta-water  precipitates  it  in  blue-green 
flocks,  which,  after  washing  with  alcohol  and  drying  at  100°,  contain 
43'15  p.  c,  baryta,  as  required  by  the  formula  C"H'0*,2BaO  (calc 

43*46  p.  c.  BaO). 

Lead'Salt.  —  For  the  preparation,  page  510.     Green-blue  or  indigO-blue 

precipitate. 

«.  mi  100*.  Rochleder.  b,  at  100*.  Rochleder- 

14  C   32-61  ....  31-77  14  C    31-51  ....  31-37 

6  H  2-33  ....  2-33  7  H  2-63  ...  2-81 

7  O  21-75  ....  21-15  8  O  2401  ....  23'95 

PbO  43-31  ....  44-75  PbO  41*85  ....  41-87 


C»«H«0',PbO  ....  100-00    ....  100-00  C"HW,PbO  ....  100-00    ....  10000 

a,  prepared  by  li  b,  by  2. 

Chtpr&u8  ViridaU.  -*From  the  mixed  solutionB  of  cuprio  acetate  and 
quinovatannio  acid  (p.  485),  alcohol  throws  down  dirty  green  flocks, 
which  dissolve  in  boning  water :  uotash  added  to  the  cooled  solution 
throws  down  cuprous  hydrate.  These  green  flocks  consist  of  cuprous 
Tuidate  (HlasiwetZi  Wien.  Ahad.  Ber.  6,  271). 


at  100*. 

56  C 336  ....  45-07    .. 44-73 

34  H 34  ....  4-56    4-77 

39  0 312  ....  41-86    41-83 

2  Cu   64  ....  8-51     8-67 

4C"H80»,Cu«0  +  2aq 746    ....  10000    100-00 

Hlasiwetz  examined  also  another  copper*salt,  the  composition  of 
which  approximated  to  the  formula  2C"HH)»,0uK),H0. 


F. — Isolated  Tannic  Acids  (arranged  Alphabetically). 

h  Anacahuita-tannic  Acid. 

L.  MiJLLBB.    Pharm,  Viertelj,  10,  519. 

Found  in  anacahuita-wood,  a  Mexican  drug.— It  is  obtained  as  a 
lead-salt  from  the  decoction  of  the  wood  or  the  bark,  by  precipitation 
with  neutral  acetate  of  lead,  and  purified  by  dissolving  it  in  acetic  acid, 
and  precipitating  the  filtrate  with  ammonia.  The  lead-salt  dried  at 
100°,  contains,  on  the  average,  18*72  p.  c.  carbon,  2-41  hydrogen, 
15*70  oxygen,  and  63*17  protoxide  of  lead,  answering  to  the  formula 
G^^H^K)^^dFbO.  —  The  aqueous  solution  of  the  tannio  add,  separated 
from  the  lead-salt  by  hydrosulphuric  acid,  has  a  rough  and  somewhat 
bitter  taste,  forms  a  greenish  black  precipitate  with  ferric  chloride,  and 
brown  with  solution  of  gelatin. 
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2.  Aspertannic  Acid. 

C»HWt 

R.  ScHWARZ.  WierL  Ahad.  Ber.  6,  446 ;  J*,  pr,  Ohem.  55,  898 ;  abstr. 
Ann.  Pharm.  80,  334 ;  Pharm.  Centr.  1851,  929  ;  Chem.  Gaz.  1852, 
61;  JJ^.  Kapp.  Jahresber.  1851,  417. 

Occurrence,    In  the  herb  of  Asperula  odorata  (Schwarz).  — According 
to  Yiel^th  (who,  however,  did  not  compare  the  true  aspertannic 
with  that  which  he  obtained),  it  occurs  also  in  the  herb  of  Oali 
Mollugo  (see  below). 

Preparation,  1.  The  alcoholic  extract  of  the  herb  is  distilled  to  expd 
the  alcohol ;  the  residue  is  mixed  with  water;  the  filtrate  precipitatod 
with  neutral  acetate  of  lead ;  the  washed  precipitate  is  oissolved  in 
dilute  acetic  acid^  the  filtered  solution  is  mixed  with  absolnte  alcohol 
till  grey  fiocks  are  precipitated ;  these  are  removed ;  and  the  filtrate  is 
completely  precipitated  with  absolute  alcohol :  the  precipitate  consists 
of  the  lead-salt  a,  —  If  the  filtrate  be  precipitated  with  basic  acetate 
of  lead, — the  precipitate  washed  with  alcohol,  decomposed  witii  hydro- 
sulphuric  acid  and  alcohol,  and  the  solution,  freed  from  sulphide  of 
lead  and  hydrosulphuric  acid,  be  mixed  with  neutral  acetate  of  lead, — 
a  precipitate  is  obtained,  consisting  of  the  salt  h,  —  2.  The  aqueous 
decoction  of  the  herb  is  precipitated  with  neutral  acetate  of  lead,  the 
washed  precipitate  is  dissolved  in  acetic  acid ;  and  the  salt  c  is  precipi- 
tated partly  from  the  solution  by  basic  acetate  of  lead,  partly  from  the 
liquid  filtered  therefrom,  by  the  neutral  acetate. 

The  acid  is  separated  from  the  lead-salts  by  decomposing  them 
with  hydrosulphuric  acid,  and  evaporating  the  filtrate  in  a  stream  of 
carbonic  acid. 

Properties.  Inodorous  mass,  having  a  faint  brown  colour.  Very 
hygroscopic. 

ai  100*.  R.  Schwan. 

14  C 84    50*90    ........    51-08 

9  H 9    6-45    6-19 

9  0 72    43-e5    43*78 


C"BP08,H0  165    100-00    100-00 

So  acoording  to  Schwan.  —  Acoordiog  to  Laurent,  it  ii  perliaiM  C^WH3P^  » 
2CMH>oO>o  (mbuOiloric  add)  +  C^^HisO"  -  6H0  {Con^t.  rend.  S5«  161). 

Decomposxtims.  When  the  add,  neutralised  with  potash  and 
thereby  coloured  brown-red,  is  exposed  to  the  airy  it  takes  up  oxygen, 
becomes  darker,  and  ultimately  black-brown  and  opaque.  If  tiien 
mixed  with  acetic  acid  and  neutral  acetate  of  lead,  separated  by 
filtration  from  the  slight  red-brown  precipitate  thereby  formed,  and 
further  precipitated  with  basic  acetate  of  lead,  it  yields  a  red-grey 
lead-salt,  which,  after  washing  with  alcohol  and  drying  at  100"^)  ocm- 
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tains  8-69  p.  c.  C,  0*83  11.,  8-48  0.,  and  82PbO,  therefore,  according 
to  Schwarz,  =  C»«n«»0»  18PbO  or  =  3C»nW,5HO,18PbO.  —  The 
green  solution  of  cupric  carbonate  in  aqaeoiis  aspertannic  acid  forms, 
with  alcohol,  a  green  precipitate,  wliich,  after  washing  with  alcohol 
and  diying  at  100°,  contains  33*98  p.  c.  cuprous  oxide,  and  after 
deduction  of  this,  38*88  p.  c.  C,  5*43  H.,  and  56*69  0. :  hence  Schwarz 
supposes  that  the  oxidised  tannic  acid  in  the  green  precipitate  = 
C"HWS5H0  (calc.  38-88  C,  5-55  H.,  and  55-57  O,),^  Nitrate  of  silver  oxidises 
aspertannic  acid,  with  separation  of  metallic  silver.  —  Aspertannic  acid 
is  decomposed  by  boiling  with  dilute  hydrochloric  or  sulphunc  acid.  If  the 
neutralised  solution  be  boiled  till  it  no  longer  alters  the  colour  of  ferric 
chloride,  the  whole  of  the  sulphuric  acid  then  precipitated  with  basic  ace- 
tate of  lead,  and  more  of  that  reagent  added  to  the  filtrate,  a  light  yellow 
precipitate  is  formed,  which,  when  washed  with  alcohol  and  dried  at  100°, 
contains  23*06  p.  c,  C,  1'48  H.,  10-52  0.,  and  64*94  PbO.,  and,  accord- 
ing to  Schwarz,  may  be  represented  by  the  formula  C"H"0'S9PbO  or 

6C"H*0*,HO,9PbO   (calc.  23-11  C,  1-34  H.,  10-91  O..  and  64-64  PbO). 

Aspertannic  acid  dissolves  very  easily  in  water.  —  It  does  not  pre- 
cipitate tartar-emetic. 

Aspertannate  of  Lead.  —  Preparation,  see  above.     The    salts  must  be 
dried  at  100°,  at  which  temperature  they  do  not  turn  green. 


56  C    ... 

33  H   ...< 

33  O   .... 

6  PbO 

a, 
25-79    

£'oA     «...•■•■ 

20-29     

....     51-39    

.     25*85 

2*50 

,     20-68 

.    50-97 

Zo   \>    .... 

15  H  .... 

15  O  .... 

3  PbO 

....    26*34     .... 

....     lo-so     ... 
....      0*-40      ... 

26-23 

.....      2-48 
18-90 

10000    

56  C  

100-00 
c. 

20-86     

100-00    ... 

Schwan. 

..    20-69 
..      1-83 
..     15-47 
..    62-01 

100-00 

30  H 

I'ftA 

30  O 

14-99     

9  PbO .. 

62-29     

100*00    

.  100-00 

Schwarz  resolres  theie  formulie  as  follows:  a  into  4C^''HH)^,6PbO  +  aq. ;  d  into 
2C"H70s3PbO  +  aq.  5  cinto  4C"HW,3PbO^  2aq. 

Aspertannic  acid  forms  a  dark  green  precipitate  with  aqueous  y^mc 
chloride.  —  It  is  insoluble  in  alcohol^  sparingly  soluble  in  ether^  and  does 
not  precipitate  white  of  egg  or  solution  of  gelatin. 

Aspertannic  Acid  from  OaUum  Mollugo.  —  Obtained  as  a  lead-salt 
from  the  aqueous  decoction  of  the  herb,  by  precipitating  with  neutral 
acetate  of  lead,  dissolving  the  precipitate  in  acetic  acid,  and  precipi- 
tating the  filtrate  with  ammonia.  —  The  acid  separated  from  the  lead- 
salt  by  hydrosulphuric  acid  has  a  slight  brownish  yellow  colour,  is  in- 
odorous, and  has  a  slightly  sour,  astringent  taste.  It  precipitates/emc 
chloride  dark  green,  and  is  but  partially  precipitated  by  neutral  acetate 
of  lead ;  com^etely  by  the  basic  acetate,  —  The  lead-salt,  dried  at  110°, 
contains,  on  the  average,  21*71  p.  c.  C,  2*23  H.,  17*93  0.,  and  58*13 
PbO,  answering  to  the  formula  4PbO,  2C"HH)",H0  (calc.  21-89  C,  2*21  H., 
17-72  O.,  and  5818  PbO).    (Vielguth,  Pharm.  ViertelJ.  5,  193). 

VOL.    XV.  2   L 
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3.  Atherospeniiataiuiic  AdcL 

Zbtbb.    Phaim.  Viertey.  10,  511. 

In  the  bark  of  Atherosperma  moschaiumj  a  South  American  drug.  -*- 
The  decoction  of  the  bark  clarified  by  several  days'  rest  is  precipitated 
with  neutnd  acetate  of  lead,  the  washed  precipitate  is.  dissolved  in 
acetic  add,  and  the  filtrate  is  precipitated  by  ammonia.  The  lead-salt 
thus  prepared,  and  dried  at  100°,  contains,  on  the  average,  81*39  p.  c.  C, 
3-67 H.,  8-05  0.,  and  66-89  PbO.,  answering  to  the  fonnnla  0»*H>H)*,2PbO. 
If  the  dirty  yellow  precipitate  formed  in  the  aqueous  extract  of  the 
bark  by  neu&al  acetote  of  lead  be  decomposed  under  water  by  hydro- 
sulphuric  acid,  the  light  yellow  filtrate  exhibits  an  acid  reaction,  tastes 
sUghtiy  astringent,  turns  ferric  chloride  green,  and  is  precipitated  in 
flocks  by  excess  of  lime-water. 


4.  Callutaimio 

SooHLEDER.     Wjei^,.  AJcod.  Ber.  9,  286 ;  J.  pr.  Ch&m.  58,   189 ;  Ann. 
Pharm.  84,  854 ;  Pharm.  Centr.  1852,  756 ;  Chem.  Gaz.  1852,  466. 

Occurs  in  CaHnna  vulgaris. 

Preparation.  The  alcoholic  decoction  of  the  comminuted  plants  is 
freed  from  alcohol  bj  distillation  ;  the  residue  is  mixed  with  water ; 
the  filtrate  is  precipitated  with  neutral  acetate  of  lead ;  the  washed 
precipitate  is  treated  with  very  dilute  acetic  acid;  and  the  filtered 
solution  is  precipitated  at  the  boiling  heat  with  basic  acetate  of  lead, 
whereby  a  chrome-yellow  precipitate  of  callutannate  of  lead  is  pro- 
duced. On  decomposing  this  precipitate  under  water  with  hydro- 
sulphuric  acid,  heating  the  liquid  together  with  the  sulphide  of  \esd  to 
the  boiling  point,  and  evaporating  the  filtrate  over  a  chloride-of -calcium 
bath  in  a  stream  of  carbonic  acid,  callutannic  add  remains  behind,  and 
may  be  dried  in  vacuo  over  oil  of  vitriol. 

Amber-yellow,  iQodorous  mass. 


14  C. 
7  H.. 
9  O.. 


Rochleder. 

w        .... 

72    .... 

....    51*53    M 
....      4-30    .. 
....     44-17    .. 

51-69 

4-58 

43-73 

CMH70». 163    100-00    100-00 

Callutannic  acid  reduces  nitrate  o/«tlver.-— Its  aqueous  solution  heated 
with  mineral  acick,  assumes  a  red<hsh  yellow  colour,  and  yields  yellow 
flocks  of  Calluxanthinj  which,  after  drying  at  100^,  contains  58*07  p.  <^  €., 
8-77  H.,  and  88-16  0.  (Ci^H^O?  »  57-93  p.  c.  C,  3*45  H.,  and  38*62  O.),  and, 
according  to  Rochleder,  is  produced  from  callutannic  add  by  elimina- 
tion of  2  at.  water.    The  alkaline  solution  of  this  substaiMse  leadily 
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absorbs  oxygen,  and  is  then  precipitated  in  red-brown  flocks  by  acids. 
It  is  soluble  in  alcohol. 

Stannic  Callutannate.  — Warm  aqueous  callutannic  acid  added  to  a 
solution  of  stannic  hydrochlorate,  throws  down  a  beautiful  egg-yellow 
precipitate,  soluble  in  excess  of  the  tin-salt. 

at  100**.  Roebleder. 

28  C 168    19-33  19-20 

16  H , 16    1-84  2-37 

20  0 160  18-42  ,.  18-40 

7  8nO»  525  6041  6003 

2C"HH)8,7SnO»  +  4HO  ....  869    lOO'OO    100-00        ' 

Callutannat^  o/*Xead  -—Preparation,  p.  514.  Obtained  by  double  decom- 
position. 


0.  at  100^ 

28  C   19*18 

13  H  1-48 

17  O  15-54 

5  PbO  ....     63-80 

Rochlefiler, 

....     19-01 
....      1-68 
....    15-37 
...^     6394 

h  at  \Wf*. 

42  C   18-34 

20  H  1-45 

26  O  ;.     1515 

8  PbO  ....     65*06 

Rochleder. 
....     18-21 
...,      1-55 
....    15-07 
....    65-17 

10000    ....  100-00  100-OQ    ....  100-00 

Kochleder  resoWes  the  IbnniiU  a  into '2Ci^HH)^,5Pb04-aq.  fi  into  aC^^H^^O^, 
6PbO  ^  2aq. 

Callutannic  add  colours  ferric  salts  green.  —  Aqueous  callutannic 
add,  heated  to  the  boiling  point  with  stannic  hydrochlorate  and  a 
small  quantity  of  hydrochloric  add,  dyes  woollen  cloth  mordanted  with 
alum,  sulphur-yellow  to  orange. 


5,  Catechutaimic  Acid. 

N££s  V.  EsEKBBCE.    Repert.  33,  1G9  ;  43,  3^0. 
Bebzeuus.    Lekrlmch,  3  Aufl.  6,  250. 
Delffs.     Jakrb.pr.  Fharm,  12,  164. 
Stenhouse.    Ann.  Pharm.  45,  18. 
Strecker.     Ann.  Phann.  90,  375. 
Neubauer.    Ann.  Pharm.  96,  337. 

Regarded  as  a  distinct  substance  by  Nees   v.    Esenbeck   and 

BcrzehuB,  but  not  known  in  the  pure  state.  —  Occurs  in  catechu,  an 

extract  prepared  by  boiling  the  wood  of  Acacia  Catechu  and  Uncaria 

Gambir.     On  catechu,  see  also  the  latest  statements  of  Sacc  {Compt.  rend.  bS,  1102), 
which,  however,  are  in  opposition  to  those  of  Nenbaaer. 

Gatechutannic  add  is  a  product  of  the  decomposition  of  catechin 
(xii,  387),  not  the  substance  from  which  the  latter  is  formed.  If,  as 
Berzelius  recommends,  a  very  concentrated  aqueous  extract  of  catechu, 
prepared  in  the  cold,  be  mixed  with  strong  sulphuric  acid,  only  a  small 
yellowish  precipitate  is  obtained,  which  cannot  be  separated  by 
filtration;  and  as  sulphuric  acid  likewise  predpitates  catechin  from 
aqueous  extracts  prepared  with  aid  of  heat,  it  follows  that  Beraelius 

2  L  2 


516  ISOLATED  TANNIC  ACIDS. 

must  have  examined  a  mixture  of  catechin  and  catechu  tannic  acid 
(Neubauer).  —  When  (according  to  Berzelius  and  Delffs)  finely  pul- 
verised Bombay  catechu  is  exhausted  with  ether,  the  ethereal  extract 
does  not  separate  into  two  layers ;  but,  by  evaporation  in  vacuo,  (nr 
over  the  water-bath,  a  brownish  mass  is  obtained  resembling'  gaOo- 
tannic  acid.  This  mass,  dissolved  in  a  small  quantity  of  water, 
evaporated  over  the  water-bath  till  the  ether  evaporates,  and  separated 
by  filtration  from  green  flocks,  deposits  needles  of  catechin,  which 
substance  is  not  produced,  as  Delffs  supposes,  from  the  catecbntannic 
acid,  but  exists  ready  formed  in  the  extract. 

On  agitating  an  ethereal  extract  of  catechu  with  water,  separating 
the  ethereal  solution,  evaporating  it  to  dryness,  dissolving  the  residue  in 
water,  and  leaving  the  catechin  to  crystallise  out,  a  mother-liquor  is 
left,  containing  catechutannic  acid  in  the  highest  degree  of  purity 
attainable.  If  this  liquid  be  precipitated  with  sulphuric  acid,  the  pre- 
cipitate washed  to  a  certain  extent  with  sulphuric  acid,  then  pressed 
and  boiled  for  several  hours  with  dilute  sulphuiic  acid,  it  dissolves  at 
first,  and  then  deposits  brown  flocks,  till  at  length  the  solution  retains 
only  a  faint  red  tint.  At  this  stage  no  sugar  can  be  detected  in  the 
solution  (Neubauer),  Strecker  believes  that  he  obtained  sugar  in  this 
manner. 

When  aqueous  catechin,  which  does  not  precipitate  solution  of 
gelatin,  is  boiled  for  three  hours  in  an  open  dish,  the  solution  acquires 
a  yellowish  brown  colour,  and  becomes  turbid.  If  it  be  then  evaporated 
to  dryness,  and  the  residue  taken  up  with  water,  the  solution  then 
forms  a  very  copious  precipitate  with  gelatin;  nevertheless,  the 
catechin  is  not  completely  converted  into  catechutannic  acid.  (Neu- 
bauer; see  also  xii,  390). 

Stenhouse's  catechutannic  acid  is  insoluble  in  water,  whether  cold 
or 'boiling,  also  in  alcohol  and  ether,  and  only  partisJly  soluble  in 
alkaline  liquids.  It  is  precipitated  by  sulphuric  add,  coloured  dark 
brown  by  boiling  dilute  sulphuric  acid,  and  precipitates  iron-salts  olive- 
brown.  It  does  not  yield  either  pyrocatechin  or  pyrogaHic  acid  by  dry 
distillation.  Delffs'  catechutannic  acid  (contaminated  with  catechin) 
deliquesces  to  a  syrup  with  water ;  it  decomposes  quickly  when  dis- 
solved in  alkalis ;  forms  with  bichromate  of  potash  a  brown  precipitate 
insoluble  in  ether,  with  ferric  salts  a  dirty  green  precipitate,  and  m 
completely  precipitated  by  solution  of  gelatin. 


6.  Gissotannic  Acid. 

WrrrsTEiN.      liq>ert.  106,  317;    Pharm.  Centr.  1847,   791.  — Pharm. 
Viertelj.  2,  161. 

The  colouring  matter  of  the  leaves  of  VUis  hederacea  reddened  in 
autumn. 

Preparation,  The  leaves  gathered  in  August  are  digested  for 
24  hours  with  alcohol  of  80  per  cent.,  the  tincture  is  separated  from 
the  leaves  by  pressure,  filtei-ed,  mixed  with  |  water,  and  the  alcohol 
distilled  off.     The  residue  evaporated  to  an  extract,  tlien  treated  with 
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cold  water,  yields  a  dark-red  solution,  whilst  a  crimson  powder, 
Wittstein's  altered  cissotaDnic  acid,  remains  behind.  On  filtering  the 
liquid  from  this  precipitate,  and  precipitating  the  filtrate  with  solution 
of  neutral  acetate  of  lead,  there  is  produced,  first  a  lighter-coloured, 
then  a  green,  and  finally  a  greenish  yellow  precipitate,  which,  when 
washed  with  water  (but  not  completely,  otherwise  it  will  decompose), 
forms  olive-green  cissotannate  of  lead  a.  —  If  the  liquid,  after  pre- 
cipitation with  neutral  acetate  of  lead,  be  mixed  with  acetic  acid  till 
the  grass-green  precipitate  has  again  acauired  a  lighter  colour,  and 
the  supernatant  liquid  has  become  reddisn,  cissotannate  of  lead  b 
remains  undissolved,  whilst  the  filtrate,  after  standing  for  some  time, 
deposits  flocks,  and  after  these  are  removed,  yields,  with  neutral 
acetate  of  lead,  the  olive-green  lead-salt  c. 


Lead-tc 
a, 

120  C 

at. 

25-67 

2-67 

0-50 

27-38 

43-78 

Wittstein. 

....    25-98 
....      2-40 
....      0-50 
....     27-77 

....      40-o0 

Lead-M 
b. 
120  C 

lit. 

32-05 

3-34 

0-62 

34*18 

29-81 

Wittstein. 
....     31-17 

75  H 

75  H 

N 

96  O 

3  "01 

96  O 

••■•00 

....      0-61 
....    34-56 

11  PbO. 

6  PbO.. 

....    30*65 

100-00    ....  100-00  100-00    ....  100-00 

The  nitrogen  is  present  as  ammonia— a  »  llPbO,6C^H>>0^*  +  NH>;  b  « 
6(PbO,C»H^20>«)  +  NH»j  c  contains  from  36'4  to  37*5  p.  c.  lead-oxide.  So  accord- 
ing to  Wittstein. 

Insoluble  or  unaltered  Cissotannic  Acid. — The  portion  of  the  alcoholic 
extract  obtained  in  the  preparation  of  cissotannic  acid,  which  is  insoluble 
in  water. 

Dense,  dark-brown,  shining,  non-friable  mass,  having  a  slightly 

bitter,  astringent  taste. 

Wittstein. 
mean:  at  110*. 

156  C    56-25    55-91 

90  H   5-41     .... 5*41 

N    0-84     0-84 

78  O    37-50 37-84 

CiMH»N07s 10000    100-00 

»  3<C^H^O^,3HO)  +  NH'.  Contains  the  nitrogen  as  ammonia,  and  0-31  p.  c.  ash, 
which  has  not  been  deducted.    (Wittstein.) 

Chars  quietly  when  heated.  —  Dissolves  with  dark  brown-yellow 
colour,  in  ajnmonioj  and  is  precipitated  therefrom  by  acids. 

Lead-compounds. — a.  By  precipitating  the  dilute  alcoholic  solution 
with  neutral  acetate  of  lead.  Olive-green,  pitch-black  after  drying. 
—  b.  By  precipitating  the  alcoholic  solution  with  an  insufficient 
quantity  of  neutral  acetate  of  lead,  treating  the  precipitate  with  a 
small  quantity  of  acetic  acid,  then  washing  and  drjnng  the  undissolved 
matter,     a  contains  36*91,  b  16-95  p.  c.  lead-oxide.  (Wittstein.) 

Altered  cissotannic  acid  forms  a  dark-green  precipitate,  with  an 
alcoholic  solution  of  Jerric  chloride ;  flocculeni  precipitates  with  tartar- 
emetic  and  gelatin-solution. 

In  alcohol  of  60  —  80  p.  c.  it  dissolves  easily  and  with  blood-red 
colour 
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7.  GocataBnic  Acid. 

Alb.  Niemamh.    Dissert  uber  erne  Base  m  den  Cocablattem.    GoUmgen, 
1860. 

Obwrad  by  Wackenroder  {ff.  Br.  Arch.  75,  26),  and  Gaedc^e  {N.  Br.  ArA 
8S,  141). 

When  ooca-leaves  are  exbansted  with  alcohol  contaiiiing  solphtnic 
acid,  for  the  preparation  of  cocaine,  the  tincture  digested  with  hydrate 
of  lime  and  filtered,  the  filtrate  neutralised  with  sulphuric  acid,  and 
the  alcohol  distilled  off,  carbonate  of  soda  throws  down  the  cocaine, 
which  may  be  removed  by  shaking  up  the  alcoholic  solution  with 
ether,  the  cocatannic  acid  then  remaining  in  solution.  The  renjaindfir 
of  the  ether  is  driven  ofF,  the  liquid  neutralised  with  dilute  suliAraic 
acid  I  this  acid  removed  by  nitrate  of  baryta,  and  the  excess  of  baryta 
by  carbonate  of  ammonia ;  and  the  liquid,  after  neutralisation,  pre- 
cipitated by  neutral  acetate  of  lead.  The  washed  precipitate  decom- 
posed under  water  by  hydrosulphuric  add,  yields,  after  the  sulpfliae 
of  lead  has  been  separated  by  filtration,  an  aqueous  solution  ot 
cocatannic  acid,  having  a  yellow-red  colour,  add  reaction,  aftd  sj^^y 
astringent  taste,  and  leaving  when  evaporated,  a  brown-red,  amorphoosi 
hygroscopic  mass.  The  cocatannic  acid,  thus  prepared,  still  retains  a 
small  portion  of  alkali.  —  Part  of  the  acid  remains  dissolved  in  tnc 
liquid  ffltered  from  the  oocatannate  of  lead,  and  may  be  precipitated 
therefrom  by  basic  acetate  of  lead,  but  when  separated  by  ^1^ 
sulphuric  acid  from  the  lead-salts,  it  is  contammated  vnth  nitric  ^d. 

The  acid,  heaUd  on  platinum-foil,  melts,  swells  up,  gives  off  w 
empyreumatic  odour,  and  leaves  charcoal.  —  It  reduces  chvmic  aadv) 
chromic  oxide,  precipitates  cuprous  oxide  from  potassio-cupric  tortro^ 
and  metallic  gold  from  auric  chloride.  —  It  forms  a  deep  red  precipitate 
with  aqueous  alkaUs ;  throws  down  from  acetate  of  baryta  a  precipitate 
soluble  in  acetic  acid ;  from  tartar-emetic,  brown  docks ;  from  mercury 
and  mercuric  nitrate^  dingy  yellow  precipitates,  but  does  not  preoptaw 
mercuric  chloride.  It  colours  sesqmshloride  of  iron  brown-green,  and  p«- 
cipitates  white  of  egg,  but  not  gelatin-solution. 


8«  Btiphraiiatantiio  Acid« 

Enz.    Pharm.  Viertelj\  8, 176. 

In  Euphrasia  Officinalis.  —  The  fresh  plant  is  macerated  ^^^^i 
for  a  day,  then  boiled  and  pressed,  and  the  filtrate  precipitaW  oj 
neutral  acetate  of  lead.    The  precipitate,  after  being  washed,  is  ^ 
solved  in  acetic  acid,  and  the  solution,  filtered  from  Bulp***^,  *" 
phosphate  of  lead,  is  neutralised  with  ammonia,  which  throws jio^ 
siskin-green  euphrasiatannate  of  lead,  which  is  washed  and  dnea. 
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Ens. 

CakulaHon  according  to  Eta,  at  100°;  mean, 

82  C 192    28-07     27*92 

20  H « 20     2-92     3-01 

17  0 136    ;     19-89 19-73 

3  PbO « 836    49-12    49-^4 


u^ 


CSipoOV,3PbO    684    lOO'OO    100*00 

9.  Tannic  Acid  from  Froitii. 

BuiGNET.    N.  Ann.  CMm.  Fht/s,  61,  280. 

Known  only  in  combination  with  iodine.  —  Occilrd  in  unripe  apples, 
pears,  and  other  fruits,  disappearing  as  the  fruit  ripens  and  the  pro- 
portion of  sugar  increases.  —  When  the  iuice  of  a  fruit  containing  this 
tannic  acid  is  mixed  with  starch,  and  iodine  is  dropped  in,  no  iodide  of 
starch  is  f  otmed  till  all  the  tannic  acid  has  been  converted  into  the 
iodine-cotnpound. 

Prepixration  of  the  Iodine-compound.  —  The  expressed  and  filtered 
juice  of  green  apples,  mixed  with  tincture  of  iodine  as  long  as  the 
colour  of  the  iodine  is  thereby  dfestroyed,  yields,  after  a  few  seconds, 
a  brown  precipitate,  which  must  be  washed  with  large  quantities  of 

water.  ^         t^ 

Yellow  amorphous  powder,  containing  43*0  p.  c.  0»|  3*3  H.,  16"17 1., 

about  i  p.  c.  N.,  and  3  p.  c.  ash. 

The  compound  is  decomposed  by  boiling  with  dilute  acids,  with 

formation  of  dextro-glucose.  —  It  is  insoluble  in  water ;  after  it  has 

been  boiled  for  a  quarter  of  an  hour,  the  filtrUte  does  not  reduce 

potassio-cupric  tartrate.    Insoluble  in  alcohol. 

10.  Oalitannie  Acid^ 
C"H"0»t 

R.  SoflWAH*.     WUn.Ahod.  Bar.  8^  i^i  dttn.  Pharm,  68, 67)  Jt  jpr. 
Chm.  58, 126. 

Occurrence.  In  the  hetb  of  OaUum  verum  and  0.  aparine.  Known 
only  in  combination  with  wAter  tod  oxide  ctf  lead. 

The  aqueous  decoction  of  the  herb  is  precipitated  with  neutral 
acetate  of  lead;  the  precipitate  (contaming  citric,  tannic,  and  inor- 
ganic acids)  is  removed ;  the  filtrate  is  precipitated  with  basic  acetate 
of  lead ;  the  precipitate  decomposed  with  hydrosulphuric  acid ;  the 
liquid  filtered  from  the  sulphide  of  lead  is  precipitated  with  neutral 
acetate  of  leAd,  to  remore  the  excess  of  hydrosulphuric  acid  and  any 
citric  acid  that  may  still  be  present ;  and  the  liquid  filtered  therefrom 
is  treated  with  basic  acetate  of  lead,  whereby  a  precipitate  of  a  fine 
yellow  colour  is  obtained,  which,  when  decomposed  under  water  by  hy- 
drosulphuric aoid,  yields  aqueous  galitannic  acidj  having  a  rather  bitter, 
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astringent  taste ;  and  acquiring  a  brown  coionr  when  treated  witii 
ammonia  and  the  Jixed  alkalis.  It  oxidises  when  the  lead-salt  is  dried 
at  100°. 

OaUtanncUe  of  Lead.  —  Galitannic  acid  searcely  precipitates  neutral 
acetate  of  lead,  but  forms,  with  the  basic  acetate,  a  precipitate  of  a 
fine  yellow  colour,  obtained  as  above  described ;  it  exhibits  the  com- 
position a;  biB  obtained  in  a  different  way ;  botii  are  dried  at  100^. 

b.  SfAwmrz. 

28  C... 12-06     12-08 

21  H   1-43     1-&3 

26  O    U-44     14-53 

9  PbO  ....  72-07     71-86 


c 

Schwan. 

70  0 

17-84    ... 

17-65 

45  H   

1-91     ... 

2-01 

55  O    

18-69    ... 

18-43 

13  PbO   .... 

61-56    ... 

61-91 

10000    100*00  100-00  100-1 

'  Schwan  roiolyei  the  formula  a  into  3(CMHK)",3PbO)  +  2(Ci«lPO»,2PbO),  and 
b  into  2(C"HH)"',2PbO)  +  5(PbO,HO). 

Galitannic  add  changes  the  colour  of  ferric  hydroclorate  to  a  fine 
green,  and  forms  a  dirty  brown  precipitate  with  cuprk  acetate. 


11.  Gardeniatannic  Acid. 

M.  V.  Orth.     Wien.  Ahad.  Ber.  13,  509  ;  J.  pr.  Chem.  64,  10 ;  Pharm. 
Centr.  1854,  897. 

Occurrence.  In  Chinese  yellow  pods  or  Wongski,  the  fmit  of 
Gardenia  grandifloroj  proceeding,  according  to  Jessen  (PPte»».  Akad,  Ber, 
14,  249),  from  a  rubiaceous  plant. 

PreparaJtion  of  the  first  Tannic  ilcid— -The  bruised  pods  are  exhausted 
with  alcohol  of  40°  ;  the  extracts  are  evaporated  in  a  stream  of  car- 
bonic acid;  the  oil,  which  separates  on  cooling,  or  on  addition  of  water, 
is  removed  by  means  of  a  wet  filter;  and  the  reddish  yellow  filtrate  is 
precipitated  with  solution  of  neutral  acetate  of  lead,  whereby  colouring 
matters  and  the  first  tannic  acid  are  precipitated.  (The  filtrate  serves  for 
the  preparation  of  chlororubin.)  The  precipitate  is  decomposed  under  water 
by  hydrosulphuric  acid  ;  the  solution  containing  the  first  tannic  acid 
and  a  little  colouring  matter  is  filtered  from  the  sulphide  of  lead,  which 
retains  a  portion  of  the  colouring  matter,  and  again  precipitated  with 
neutral  acetate  of  lead  ;  and  this  precipitate  is  also  decomposed  with 
hydi'OBulphnric  acid,  the  sulphide  of  lead  then  retaining  the  whole  of 
the  colouring  matter,  and  a  filtrate  being  obtained,  wliich,  by  evapora- 
tion in  a  stream  of  carbonic  acid,  and  diymg  in  vacuo,  yields  the  first 
tannic  acid. 

On  boiling  the  sulphide  of  lead  with  alcohol  of  40°,  the  colouring 
matter  is  dissolved,  and  remains  as  a  dark  reddish-yellow  syrup,  when 
the  alcohol  is  distilled  off  in  a  stream  of  carbonic  acid,  and  the  residue 
dried  in  vacuo  over  oil  of  vitriol.  From  this  syrup  ether  extracts  a 
substance  which,  when  the  ether  is  evaporated  and  the  residue  treated 
with  water,  remains  as  a  reddish  yellow  reeinoue  colouring  matter,  insolu- 
ble in  water.    The  residue,  boiled  with  alcohol  which  removes  a  enoatt 
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quantity  of  yellow  colouring  matter,  then  dried  at  100°,  is  the  yellow 
amorphous  colouring  matter  of  v.  Orth. 

Preparation  of  the  second  Tannic  Add.  —  The  yellow  pods,  after 
exhaustion  with  alcohol,  are  boiled  with  water ;  the  extracts  are  con- 
centrated; a  jelly  precipitated  therefrom  by  alcohol;  this  jelly  col- 
lected on  linen ;  and  the  filtrate  precipitated  with  neutral  acetate  of 
lead.  The  precipitate  is  treated  with  a  small  quantity  of  acetic  acid ; 
tho  insoluble  portion  separated  by  filtration ;  and  the  solution  freed 
from  lead  by  hydrosulphuric  add.  The  solution  filtered  from  the 
sulphide  of  lead,  and  evaporated  over  the  water-bath,  leaves  the 
second  tannic  acid,  which  must  be  dried  at  100°. 

Properties.  The  first  tannic  acid  is  a  brown-yellow  amorphous 
mass. 

Firtt  Tofinic  a^d*  ▼•  Orth.  Smiomd  TannUe  acid*  y.  Orth. 

46  C  47-26  47-47     46  C  52*98 62-67 

36  H  6-16  .......   6-22     29  H  5-56  5-81 

34  O  46-58    46-31  27  O  41-46    41-52 


C«H»0«....  100-00    100-00  C«H»0«7....  100-00    100-00 

After  deduction  of  ash.  —  The  first  acid  contains,  according  to  t.  Orth,  8  at.,  the 
second  1  at.  water ;  this  be  infers  from  the  composition  of  the  loid-salt 

Lead-salt  of  the  first  Tannic  Acid.  —  Prepared  by  precipitating  the 
warm  solution  of  the  add  with  basic  acetate  of  lead,  then  washing 
and  drying  at  100°. 

V.  Orth. 


46  C 

28  H 

26  O 

6  PbO 


276  .... 

..•.  23-*}  .... 

....  22-89 

28  .... 

••..   •  o     *••• 

....   2-34 

208  .... 

•  •i.    A  /  f    *•*• 

....  17-38 

670  .... 

....     O0'#     ...a 

....  57-39 

C«H«0»,6PbO    1182     1000    lOO'OO 

After  deduction  of  the  lead-oxide,  =  C^H^K)"  (t.  Orth).    But  he  appears  to 
have  forgotten  that  the  ash  may  have  passed  into  the  lead-salt.     (Kr.) 

The  first  tannic  acid  colours /ci^-ic  hydrochlorate  green. 


12.  Hederic  Acid  and  Hederitannic  Acid. 

ros8ET.T.     Ann,  Pharm.  69,  62;  Phann,  Centr.  1849,  257;  Chem.  Gaz. 
1849,  92. 

In  the  seeds  of  ivy  (Hedera  Helix) 

a,  Hedetic  Acid.  —  The  fresh  pulverised  seeds  are  freed  from  fat  by 
ether ;  the  residue  is  repeatedly  boiled  with  alcohol ;  and  ^th  of  the 
alcohol  is  distilled  off  from  the  tinctures,  the  impure  acid  then 
separating  from  the  residue.  It  is  difficult  to  purify,  and  was  only 
once  obtained  pure  by  gradual  deposition  from  an  ether-alcoholic 
Solution. 
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Soft,  white,  slender  needles  and  laminee,  which  give  off  5*4  p.  c 
water  at  100°  (2  at.  ?  =  6-25  p.  c).  Inodoroufl.  Haa  a  veiy 
irritating  taste,  and  slight  acid  reaction. 

Posaelt. 
mean, 

30  C 180    66-66    .^ 66-46 

26  H 26    9-63    9-45 

8  O 64     23-71     24-09 

C»H»0* 270     *  lOOOO    ............  100*00 

As  the  atomic  weight  has  not  been  determined,  the  formula  cannot  be  ^^^mlFtH 
with  certainty.    (fCr.) 

Does  not  melt  when  heated^  but  gives  off  a  peculiar  aromatic  odoor. 
and  leaves  charcoal  Dissolves  with  splendid  purple  colour  in  ail  a^ 
vitriol, 

insoluble  in  wateih.  — -  The  acid  expels  carbonic  acid  from  carbonates. 
and  forms,  with  ammonia,  potash,  baryta,  and  lime,  amorphons 
g(ilatbou8  salts^  Which  dissolve  in  alcohol,  but  are  nearly  or  qnite  in- 
soluble in  water. 

Ftom  the  alcoholic  atnmonia-salt,  nitrate  of  silver  throws  down  a 
white  precipitate,  which  dissolves  in  boiling  sJcohol,  and  separates  in 
the  crystalline  form  on  cooling. 

Hederic  acid  is  soluble  in  alcohol^  but  insoluble  in  ether, 

h,  Htderitannic  Add, — JBpheugerlsdure,  —  Obtained  from  ivy-seeds, 
exhausted  by  successive  treatment  with  ether  and  alcohol  (for  the  prt- 
paration  of  hederic  acid)  by  boiling  with  water.  The  decoction  is  mixed 
with  acetic  acid  and  neutral  acetate  of  lead;  the  precipitate  removed; 
and  the  filtrate  precipitated  with  ammonia.  The  fine  yellow  precipitate, 
after  being  but  slightly  washed  (as  it  is  soluble),  is  decomposed  under 
water  with  hydrosulphuric  acid,  and  the  solution  filtered  from  the 
sulphide  of  lead  is  evaporated ;  it  then  leaves  the  acid,  but  in  an 
impure  state. 

Inodorous^  amorphous,  acid  mass,  whose  aqueous  solution  becomes 
coloured  during  evaporation.  It  reduces  mercuric  nitrate  and  nitrate  of 
silver.  It  acquires  a  fine  yellow  colour  when  mixed  with  alkaUs,  and 
is  precipitated  yellow  by  ammoniaccd  Ume-salts  and  by  baryta'-  and  kai- 
salts.  It  colours  ferric  salts  dark  green,  and  forms  a  greenish 
precipitate  with  cupric  sulphate.  It  is  not  precipitated  by  solution  of 
gelatm. 


13.  Helianihotaimic  or  Hdlianthio  Add. 

LuDWiG  &  Kromayeb.    N,  Br.  Arch.  99,  1,  and  285. 

The  iron-greening  tannic  acid  of  the  seeds  of  the  sunflower, 
Ilelianthtts  annuus. 

The  finely  pulverised  fruits,  freed  from  the  husks,  are  exhausted 
with  boiling  alcohol  of  90  per  cent. ;  the  alcohol  is  distilled  off  in  a 
current  of  hydrogen ;  the  residue  is  separated  by  filtration,  the  filtrate 
precipitated  with  neutral  acetate  of  lead;  and  the  precipitate  is 
collected,  washed,  and  decomposed  imder  water  by  hydrosulphuric 
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acid.  The  liquid  filtered  from  the  sulphide  of  lead,  and  evaporated 
over  the  water-bath,  leaves  the  helianthotannic  acid  as  a  brownish- 
yellow  amorphous  mass,  which  may  be  rubbed  to  a  slightly  coloured 
powder.  It  is  redissolved  in  water  atid  reprecipitated  with  neutral 
acetate  of  lead ;  the  precipitate  is  decomposed  by  hydrosulphuric  acid ; 
and  the  filtrate  evaporated,  a  light  greenish-yellow  amorphous  mass 
then  remaining,  which  yields  a  yellowish  white  powder,  and  no  longer 
becomes  moist  on  exposure  to  the  air. 

After  drying  at  100",  it  contains  53-27  p.  c.  C,  5-97  H.,  and 
40*76  0.,  answering,  according  to  Ludwig  ic  Kromayer,  to  the 
formula  C^H'O*  (calc.  53-50  C,  5-73  H.,  and  40-77  O.N.  —  Melts  when  keatedy 
giving  off  an  odour  of  burnt  coffee,  together  with  add  empyreumatic 
products. — Hedted  on  platinum- foil,  it  first  chars  and  then  Jmma  away. 
—  Nitric  acid  imparts  to  aqueous  helianthic  acid  a  fine  red  colour,  but 
on  heating  the  liquid,  nitrous  vapours  are  evolved,  and  the  colour  disap- 
pears. —  Cold  oil  of  vitriol  colours  the  aqueous  acid  red ;  hot  oil  of 
vitriol  blackens  it.  —  When  boiled  with  moderately  dUute  hydrochloric 
acid  in  a  stream  of  hydrogen,  it  is  resolved  into  fermentable  sugar 
and  an  acid  colouring  matter.  The  latter  is  precipitated  by  carbonate 
of  lead.  When  separated  from  the  lead-compound  by  hydrosulphimc 
acid,  it  yields  a  colourless  solution,  which  leaves,  on  evaporation  a 
violet  residue,  changing  to  bright  red  when  treated  with  alkalis.  — 
Ueiianthic  acid,  when  heated  with  an  alkaline  cupric  solution^  does 
not  reduce  it.  —  From  an  ammorUadal  silver-solutionj  it  reduces  metallio 
silver. 

The  acid  dissolves  readily  in  toater*  It  turns  yellow  when  mixed 
with  alkalis^  and  is  precipitated  yellow  by  lime-water.  —  The  latter 
precipitate  turns  brown  when  exposed  to  the  air  in  contact  with 
excess  of  lime-water.  —  The  light  yellow  lead-salt  precipitated  from 
the  aqueous  acid  by  neutral  acetate  of  lead,  and  dried  at  100°,  con- 
tains 89'6  or  44-24  p.  c.  lead-oxide ;  also  32*44  C,  3-28  H.,  and 
20-04  O.,  answering  to  the  formula  2(0"H«0',PbO)  -I-  PbO,HO.  — 
The  aqueous  acid  imparts  to  seaquichlaride  of  iron  a  splendid  dark 
green  colour,  changing  to  violet  on  addition  of  ammonia.  It  does  not 
precipitate  ferrocyanide  of  potassium^  or  solntfoH  of  gdaJtm, 

The  aoid  dissolves  in  alcohol^  but  not  in  Met. 


14.  Ipecacoanhic  Aeid. 

E.  WiLLiQK. — Wim.  Akad.  Ber.  5,  192 ;  J.  pr.  Chem.  51,  404. 

The  tannic  acid  of  the  root  of  Cephalia  Ipecacuanha,  (Handbuch  viii, 

Phytochem.  56.) — PeUetier  (Ann.  Chim.  Php9.  4,  172;  /.  Pharm,  3,  145  ;  Sehw. 
19,  440);  Matsonfour  {Bull,  Pharm,  I,  161),  and  Richard  &  fiarruel  (/.  Pharm. 
6,  264),  regarded  the  acid  as  gallic  acid,  though  it  had  been  alreadj  recognised  as 
distinct  therefrom  by  Pfaff. 

Preparation.      The    pulverised    root   is    boiled    with    alcohol    of 
Bp.  gr«  0*84  j  the  filtered  d^QOction  is  procipitated  with  basic  acetate 
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of  lead ;  and  the  pi'ecipitate  is  washed  with  alcohol  of  sp.  gr.  0*83  aiKi 
dissolved  in  dilute  acetic  acid.  The  acetic  acid  solation  mixed  with 
basic  acetate  of  lead,  and  then  with  a  small  quantity  of  ammonia, 
yields  a  precipitate,  which  is  to  be  washed  with  alcohol  of  98  pi  c^ 
suspended  in  ether,  and  decomposed  by  hydrosnlidiuric  add.  The 
liquid  filtered  from  the  sulphide  of  lead  is  evaporated  in  a  stream  of 
carbonic  acid ;  the  residue  is  mixed  with  water,  and  filtered  from  the 
fat  which  separates ;  the  filtrate  is  digested  with  animal  charcoal ;  and 
the  reddish-brown  liquid,  after  being  freed  from  charcoal,  is  evaporated 
in  a  stream  of  carbonic  acid. 

Properties.  Amorphous,  reddish  brown  mass,  having  a  strongly 
bitter  taste.    Very  hygroscopic. 

WiUigfc. 
at  100*.  flMOt. 

14  C 84    66-37    .. 56-24 

9  H 9    6-04     6-23 

7  0 56    87-59    87*53 

C"H»07 149    100-00    100-00 

Decompositions,  1.  Melts  when  heated,  swelling  up,  emitting'  an  odoor 
of  formic  acid,  and  leaving  a  difficultly  combustible  charcoaL  —  2.  The 
alkaline  solution  absorbs  oxygen,  and  acquires  a  dark  black-brown 
colour.  — -  3.  It  reduces  mercury^  and  sUver-saUs,  —  4.  It  dissol'^es  in  otf 
of  vitriol,  forming  a  brown-red  solution,  which  deposits  gr^ey  flocks 
on  addition  of  water. — M^rv;  ociii  dissolves  ipecacuanhic  acid,  forming 
a  dark  reddish-yellow  solution,  which  turns  yellow  and  gives  off 
nitrous  gas  when  heated. 

Ipecacuanhic  acid  is  very  soluble  in  water. 

IpecacucoikcUe  of  Lead.  —  Dilute  aqueous  ipecacuanhic  acid  does  not 
precipitate  neutral  acetate  of  lead,  but  forms  with  the  basic  acetate,  a 
brownish  white  precipitate,  which  quickly  absorbs  oxygen^  and  acquire 
a  darker  colour. 

The  mono-acid  lead-salt  is  precipitated  by  basic  acetate  of  lead 
fiom  the  tincture  prepared  with  alcohol  of  sp.  st.  0*85,  after  it  has 
bocn  freed  from  all  matters  precipitable  by  alcoholic  neutral  acetate;  of 
lead,  and  mixed  with  a  large  quantity  of  water ;  and  the  predpitate  is 
washed  with  cold  water,  and  dried  at  lOO"".  —  If  the  lecui-salt  thus 
obtained  be  dissolved  in  acetic  acid,  and  the  filtrate  precipitated  with 
absolute  alcohf)!,  or  with  basic  acetate  of  lead,  precipitates  arc  formed, 
coutaiuiug  -|,  ^  and  ^  at.  ipecacuanhic  acid  to  1  at.  lead-oxide. 

a.  b.  e.  tf. 

14  C 84  ....  32-24  ....  32-07  ....  30-17  ....  26-79  ....  35*0fi 

9  H 9  ....  3-45  ....  3-43  ....  3-29  ....  2-83  ....  3-84 

7  0 56  ....  21-50  ....  21-85  ....  19-71  ....  lC>-82  ....  22*26 

PbO 112  ....  42-81  ....  42-65  ....  46*83  ....  53*56  ....  38*84 

C"H907,PbO    ....  261     ....  10000    ....  10000    ....  100-00    ....  100-00     ....   100*00 

Other  lead-salts  contained  41-1  and  45-9  p.  c.  PbO.  Willigk  gives  the  followus 
formuluB :  for  b,  60"H8O«,7PbO  +  6aq. ;  for  e,  2C"H80»,8PbO  +  aq. ;  for  rf,  6CWHH>», 
5PbO,  ■f-4aq. 

Ipecacuanhic  acid  colours  aqueous  ferric  salts  greon^  changing  to 


KINOTANNIC  ACID.  525 

violet  on  addition  of  a  small  quantity  of  ammonia,  and  inky  black  with 
&  larger  quantity.  —  From  cuprk  salt%  on  addition  of  ammonia,  it 
throws  down  a  green-black  precipitate.  It  is  soluble  in  alcohol^  less 
soluble  in  ether. 


15.  Kinotannic  Acid. 

Berzblics.    Lehrhuch^  8  Aufl.  6,  258. 

GfiRDiNG.   N,  Br.  Arch.  65,  283  ;  abstr.  Pharm.  CerUr.  1851,  305  ;  Lieh. 

Kopp.  Jaliresber.  1851,  422. 
Hennio.     iV.  Br.  Arch.  73,  129 ;  abstr.  Pharm.  Centr.  1853,  177.  — 

N.  Br.  Arch.  77,  260 ;  85,  150. 
EissF£Li>T.     Ann.  Pharm.  92,  101;  Chem.  Centr.  1855,  110;  abstr.  iteJ. 

Kopp.  Jahresber.  1854,  431. 

The  tannic  acid  of  African  kino  (from  Pieroearpm  erinaceuSf  Handbuch  Tiii, 
Phytochem.  72)  mnat  be  regarded,  according  to  Berzelias  and  Gerding,  as  a  distiact 
compound.  Hennig  r^^ards  it  as  identical  with  gaUotannic  acid;  he  examined  the 
Kino  malabrieum  of  commerce,  which,  in  his  opinion,  is  the  true  African  kino.  Etss- 
feldt  (who  obtained  crystals  of  pyrocatechin  (zi,  379)  from  Kino  malabrieum  by  the 
action  of  ether)  did  not  succeed  in  preparing  kinotannic  acid  either  by  the  process  of 
Berzelius  or  by  that  of  Gkrding ;  he  regards  kinotannic  acid  as  perhaps  identical  with 
catechutannic  acid.  —  On  the  reaction  of  kino,  see  Nesenbeck  (ReperL  27,  211)  and 
Hennig;  on  a  jelly  from  kino,  see  Redwood  (iV.  /.  Pharm.  1,  336).  —  Characters 
similar  to  those  of  kinotannic  acid  are  exhibited  by  the.  tannic  add  of  Beeuibablul, 
the  juice  otMyriaiica  BeeuAyba,  a  Brazilian  tree  (see  Peckolt,  N.  Br.  Arch.  107, 163). 

1.  AVhen  the  aqueous  extract  of  kino  is  precipitated  by  dilute  sul- 
phuric acid— the  pale  red  precipitate  washed  as  long  as  the  wash  water 
acquires  a  sour  taste,  and  then  dissolved  in  boiling  water, — ^the  liquid 
filtered — and  the  filtrate  containing  sulphuric  and  kinotannic  adds  mixed 
with  baryta-water,  till  a  sample  of  it  no  longer  precipitates  an  acidu- 
lated solution  of  chloride  of  barium, — ^the  filtrate  when  evaporated  in 
vacuo,  leaves  kinotannic  in  the  form  of  a  red  fissured  mass,  sparingly 
taoluble  in  cold,  more  easily  in  boiling  water,  and  having  an  astringent 
taste.  This  product,  when  its  aqueous  solution  is  evaporated  in  con- 
tact with  the  air,  becomes,  for  the  most  part,  insoluble,  and  when  left 
in  contact  with  the  air,  separates  as  a  light  red  precipitate.  Its 
aqueous  solution  is  precipitated  by  acids,  not  by  carbonate  of  potash 
or  tartar-emetic.  It  is  soluble  in  alcohol,  insoluble,  or  nearly  so,  in 
ether  (Berzelius).  Kinotannic  add,  precipitated  by  sulphuric  acid, 
does  not  yield  pyrogallic  add  (xi,  898)  by  dry  distillation  (Stenhouse, 
Ann.  Pharm  45,  68). 

2.  Ednotannic  acid  prepared  by  the  process  just  described,  but  freed 
from  sulphuric  acid  by  carbonate  of  baryta,  exhibits,  after  drying  at 
100**,  a  different  composition  in  different  preparations  (44*77  p.  c  C, 
4'21  n.,  and  42*80  C,  3*66  H.),  because  the  sulphuric  add  exerts  a  de- 
composing action  on  it.  But  when  the  extract  of  kino  is  prcdpitatcd 
by  a  hot  solution  of  isinglass,  the  flesh-coloured  precipitate  collected 
and  boiled  with  alcohol  of  95  per  cent.,  and  the  currant-red  solution 
evaporated  in  vacuo  or  by  heat,  a  purer  kinotannic  acid  is  obtained  in 
the  form  of  a  red,  transparent,  fissured  mass,  which,  when  dried  at 
100%  contains  48*32  p.  c.  C,  4*28  H.,  and  47*40  0.     This  kinotannic 
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acid,  of  Grerding  exhibits  the  foUowing  charactera : — ^It  chais  ^ 
heatedy  but  does  not  yield  any  pyrogallic  acid  by  dry  distillation.  Wka 
its  aqueous  solution  is  left  to  stand  in  open  vessels,  or  when  oa^ais 
passed  into  it  at  20"* — ^30°,  it  takes  up  oxvgen,  loses  its  rough  tute, 
and  deposits  kino-red  in  the  form  of  a  light  red  pulp,  the  quantity  of 
wliich  increases  when  the  liquid  is  heated.  Its  aqueous  solution,  mned 
with  hydrochloinc  acid,  becomes  turbid,  and  yields  after  a  whUe  a  ligbt 
red  precipitate ;  it  is  decolorised  by  chlorine^  clouded  by  nitric  add,  and 
when  heated  therewith  assmnes  a  yellow  colour  and  yields  oxalic  adi 
It  acquires  a  darker  colour  on  addition  of  amfnonia  or  potash,  and  aft©  t 
while  deposits  precipitates.  On  heating  it  to  the  boiling  point  with 
magnesia  alba,  the  whole  of  the  kinotannic  acid  is  thrown  down  as » 
violet-red  precipitate,  the  solution  retaining  its  dark  red  colour.  With 
neutral  acetate  of  lead  it  forms  a  reddish  grey  precipitate,  which  contains 
all  the  tannic  acid,  is  insoluble  in  water^  cdcohol^  Q,nd  potash-lof,  butdii- 
solves  in  nitric  add.  It  does  not  precipitate  femms  stdphaU.  It  fonns 
a  black-green  compound  with  ferric  scUts,  imparts  a  faint  red  colonr  to 
fiitrate  of  silver^  and  afterwards  reduces  it ;  and  forma,  with  o?« 
sulphate,  a  grey  precipitate  which  turns  black  on  standing  (Oeiding) 

8.  Kinotannic  acid  prepared  by  the  second  process  is  a  nuxtore 
which  does  not  dissolve  completely  either  in  cold  or  in  hot  wa^; 
absorbs  oxygen  only  in  presence  of  potash,  and  does  not  at  tbe  aaw 
time    deposit    any    sediment.      On    removing    the    deposit,  ^^ 
forms  spontaneously  in   aqueous  extract  of    kino    (and,   accona^ 
to  Hennig,  contains  hyperpectic  acid),  a  red  colouring  matter  (Henn«» 
hnoic  acid)  remains  in  solution,  together  wil^  the  tannic  add  w«« 
kino,  which  latter,  in  the  pure  state,  is  identical  with  gallotannic  aai 
and  exhibits  different  characters  only  when  impure.     If  a  small  qw^- 
tity  of  recently  precipitated  hydrate  of  lead  be  added  to  the  flteiw 
aqueous  extract,  the  red  precipitate  thereby  produced  contains  w8 
kinoic  acid ;  100  pts.  of  its  organic  substance  contain  43*65  p.  o.^ 
3-81  H.,  and  5804  0.     The  filtrate  leaves,  on  evaporation,  a  yew'j 
residue,  the  aqueous  solution  of  which  precipitates  tartar'^netic  mo 
ferric  chloride,  the  latter  blue-black ;  and  the  yeDow  residue  it8W» 
yields  pyrogallic  acid  by  dry  distillation,  and  is  soluble  in  etber.-;* 
When  extract  of  kino  is  mixed  with  neutral  acetate  of  lead,  P'^JJ 
tates  are  formed,  successively  containing  less  colouring  matteraM 
more  oxide  of  lead,  till  the  last  contains  82  p.  o*  PbO,  corresponding 
to  the  composition  of  gallotannate  of  lead.     If  a  concentrated  tin^ 
of  kino  be  mixed  with  basic  acetate  of  lead  by  drops,  and  at  inteiw 
of  12—24  hours,  till  only  a  few  drops  run  off  from  thejeUj,^/^ 
cold  water  be  then  poured  in,  and  the  whole  left  to  itself  till  it  wpf 
to  show  colour,  the  solution  contains  a  large  quantity  of  tssmo  ao 
(together  with  lead  and  lime,  which  may  be  precipitated  by  o^ 
acid).    If  it  be  then  mixed  with  hydrate  of  lead,  and  ^^^P^^  -jI 
dryness  in  a  stream  of  hydrogen,  the  organic  substance  of  the  resifl 
contains  53-16  p.  c.  C,  3-71  H.,  and  43-13  0.,  agreeing  with  the  comp 
sition  of  gallotannic  acid  (Hennig). 
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16.  Kino-red. 

Gbbding.    N.  Br.  Arch.  65,  290. 

Aqueous  tannic  acid  kept  for  several  weeks  in  contact  with  the 
air  in  open  vessels,  takes  up  oxygen,  and  deposits  kino-red,  which 
may  be  freed  from  undecomposed  kinotannic  acid  by  washing  with 
water. 

Amorphous,  red  mass,  which  turns  brown  on  the  surface  when 
dried,  and  yields  a  light  red  powder.  Its  alcoholic  solution  is  slightly 
acid.  Nearly  tasteless.  —  After  drying  between  50°  and  60°,  it  con- 
tains 87*55  p.  c.  C,  3'82  H.,  and  58*63  0. ;  from  another  preparation, 
34*96  p.  c.  C,  3*96  H.,  and  61*98  0.,  in  other  cases,  about  10  p.  c.  0. 
more. 

When  heatedy  it  yields  a  small  quantity  of  pyro*acid.  It  is  partially 
carbonised  by  oil  of  vitriol.  —  Cf^lorine  decolorises  it ;  nitric  acid  con- 
verts it  into  oxalic  acid.  —  When  boiled  for  some  time  with  strong 
hydrochlorio  addy  it  dissolves  with  dark  violet  colour,  and  on  cooling, 
or  on  dilution  with  water,  it  deposits  kino-brown  as  a  fine  dark  brown 
powder,  the  liquid  remaining  red.  This  kino-brown,  dried  at  100°, 
contains  from  44*77  to  46*17  p.  c.  C,  4*39  to  4*52  H.,  has  a  neutral  re-^ 
action,  and  dissolves,  with  red  colour,  in  alcohol,  acetic  acid  and  tar«- 
taric  acid.  It  communicates  a  red  or  violet  colour  to  stuffs  prepared 
with  tin  or  iron  mordants. 


17.  Leditannic  Acid. 

E.  WiLUGK.     Wien.  AJcad.  Ber.  9,  302 ;  J.  pr.  Chem.  58,  205 ;   Ann. 

Pharm.  84,  363  ;  Pkarm.  Centr.  1852,  790. 
RoCHLEDEn  &  ScHWARZ.    Wicn.  AJcad,  Ber,  9, 807;  J.pr.  Chem.  58,  210 ; 
Ann.  Pharm.  84,  366 ;  Pharm.  Centr.  1852,  790. 

Occurrence.  In  the  leaves  of  Ledum  palmtre.  —  A  tannic  acid 
from  Epacris  and  another  from  horse-chesnuts  yield  a  product  of 
decomposition  identical  with  ledixanthin,  without  being  themselves 
identical  with  leditannic  acid.  (Rochleder,  Wien.  Ahad.  Ber.  44,  493 ; 
Chem.  Centr.  1862,  8.) 

Preparation.  1.  Neutral  acetate  of  lead  is  added  by  drops  to  the 
aqueous  decoction  of  the  leaves,  till  a  sample  of  the  resulting  precipi- 
tate dissolves  completely  in  acetic  acid ;  the  liquid  is  then  filtered,  and 
and  the  filtrate  precipitated  with  basic  acetate  of  lead.  The  washed 
precipitate  is  decomposed  by  hydrosulphuric  acid,  and  the  solution 
filtered  from  the  sulphide  of  lead,  is  evaporated  to  dryness  over  the 
water-bath. — 2.  The  alcoholic  decoction  of  Ledum  paiustre  is  precipi- 
tated by  water,  after  the  alcohol  has  been  distilled  off;  the  liquid  is 
filtered;  the  filtrate  precipitated  with  neutral  acetate  of  lead;  the 
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precipitate  dissolved  in  dilute  acetic  acid ;  the  liquid  again  filtered; 
and  the  filtrate  precipitated  at  the  boiling  heat  with  basic  acetate  of 
lead.  If  the  precipitate,  which  has  a  fine  yellow  coloiu*,  be  decomposed 
under  water  by  hydrosulphuric  acid,  and  the  solution,  filtered  at  tlie 
boiling  heat  from  sulphide  of  lead,  be  evaporated  in  a  stream  of  car- 
bonic acid,  leditannic  acid  remains  behind.  (Bochleder  &  Schwarz.) 

Properties.    Reddish,  inodorous  powder. 


28  C 

••••     IvO 

16  H 

....     15 

15  O 

.„  120 

2C"H«0«  +  3  aq..... 

....  303 

WiUigk.     RocUeder 

&Schwan. 

mean  at  100^    in  vacuo. 

....    55-44 

....    55-14    ....     50-89 

....      4-95 

....      5-11     ....       5-46 

....    39-61 

....    39-75    ..-    43-65 

.  100-00     ...  100-00    ....  100-00 
After  dedvction  of  1*2  p.  c.  (Willigk),  of  2*08  p.  c.  wdk  (RocUeder  &  Schwan). 

Aqueous  leditannic  acid  boiled  with  dilute  eidphuru:  or  h^odd&rk 
acid  (or  mixed  with  cold  oil  of  vitriol),  deposits  a  yellow  or  red  powder, 
Ledixantkin^  which,  when  dried  at  100°,  contains  60*9  p.  c.  C,  4*5  H., 
and  84-6  0.,  therefore  C"H«0«  (calc.  60-87  p.  c.  C,  4-35  H.,  and 
84-78  0.),  and  is  produced  from  leditannic  acid  by  elimination  of 
water.  By  dry  distillation  it  yields  an  oil  and  crystals  of  pyrocatechin 
(xi,  879).  It  dissolves  easily  in  aUcaUs^  and  when  dissolved  in  alcohol, 
forms  a  red-brown  precipitate  with  an  alcoholic  solution  of  nen^ 
acetate  of  lead.  (WilUgk.) 

Leditamuxte  of  Lead.  —  The  aqueous  decoction  of  the  leaves  is  pre- 
cipitated by  neutral  acetate  of  lead ;  the  pi-edpitate  is  removed ;  the 
filtrate  is  precipitated  by  basic  acetate  of  lead,  and  the  yellow  pre- 
cipitate a  is  dried  at  100**,  h  in  vacuo.  (Willigk.) 

a.  Willigk.  h.  Wilfigk. 

140  C  32-22    ....    32-26      98  C  28-66    ....    2854 

60  H 2-30     ....       2-49      51  H 2-49    ....      268 


60  O  18-42     ....     18-25      51  O 19-89    ....    19^ 

11  PbO 47-06    ....    4700        9  PbO 48-96    ....    4894 

lOCWHW.llPbO.  100-00    ....  10000      7C"H»0«,9(PbO,HO) .  100*00    ....  100-00 

Aqueous  leditannic  add  is  coloured  dark-green  hy  ferric  hydroddorate. 

Stannic  Leditarmate.  —  Aqueous  leditannic  acid  forms  a  fine  yellow 
precipitate  with  stanniG  hydrochhrate.    (Bochlchder  &  Schwarz.) 

In  vacuo.  Rochleder  &  Schwars. 

28  C 168  22-95  23-07 

21  H 21  2-87  3-05 

21  O 168  22-95  23*88 

5  SnO*  „ 376  51-23  50*00 

2Ci4H*0>,5SiiOS  +  2aq 732     100-00    100*00 

Leditannic  acid  dissolves  easily  in  alcohol  (Willigk). 
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18.  Batanhiatannic  Acid. 

WiTTSTEiN.    Pliarm.  Viei-tdj.  3,  353 ;  6,  521. 

Occurs  in  common  and  in  Savamlla  Bhatany  root,  —  Peschier  {N.  Tr, 
4,  2,  182 ;  J.  Pharm.  6,  34 ;  10,  348)  designated  as  cranieric  acid,  a 
crystallisable  acid  from  rhatany  root,  to  which  he  attributed  the 
property  of  decomposing  sulphate  of  baryta.  This,  according  to 
Wittstein,  must  have  been  tyrosin  (xiii,  358),  while  Hlassiwetz 
Ann,  Pharm.  119,  202),  thinks  it  probable  that  phloramine  (p.  69) 
may  occur  in  rhatany  root. 

The  ethereal  extract  of  the  pulverised  root-bark  of  Kranieria 
triandra  {Handb.  viii,  Phytocheni,  42),  yields,  when  the  ether  is  distilled 
off,  and  the  residue  dried,  a  shining  dark-red  substance,  wliich  dissolves 
in  alcohol,  with  separation  of  wax.  On  evaporating  the  alcoholic 
extract,  the  tannic  acid  remains  behind.  —  When  the  dry  bark  powder 
of  Savamlla  Rhatani/  root  is  exhausted  with  ether — the  ether  evaporated 
— ^the  residue  exhausted  with  alcohol  of  90  p.  c,  which  leaves  the  wax 
undissolved — the  filtrate  diluted  witli  ten  times  its  bulk  of  water — a 
few  drops  of  solution  of  neutral  acetate  of  lead  added  —  the  Uquid 
filtered, — and  the  filtrate  completely  precipitated  with  neutral  acetate 
of  lead,  ratanhiatannate  of  lead  b  is  obtained. 

The  acid  melts  when  heatedy  chars,  and  leaves  a  very  difficultly  com- 
bustible charcoal,  while  a  watery  and  oily  distillate  passes  over  con- 
taining pyrocatechin  (xi,  379).  (See  also  Eissfeldt,  Ann,  Pharm,  92,  109 ; 
Uloth,  Ann.  Pharm.  Ill,  217.)— It  dissolves,  but  imperfectly,  even  in  wami 
waterj  forming  a  dirty  rose-coloured  solution ;  it  dissolves  completely  on 
the  addition  of  a  few  drops  of  af/iwomo,  where  upon  hydrochloric  acid  throws 
down  dirty  flesh-coloured  flakes.  When  ratanhiatannic  acid  (separated 
from  the  lead-salt  by  hydrosulphuric  acid)  is  heated  for  some  time  over 
the  water-bath  with  water,  to  which  5  p.  c.  alcohol  has  been  added,  a 
hard,  brown-red  resin, Witt«tein's-Ba<fl»iAia-red,  separates,  and  on  evapo- 
rating the  remaining  liquid,  there  remains  a  small  yellowish  residue, 
which  has  a  slightly  sweet  taste,  and  reduces  potassio-cupric  tartrate 
when  heated  therewith.  —  The  aqueous  solution  is  coloured  dai'k-green 
by  sesquichloride  of  iron,  then  precipitated ;  it  forms  a  pale  flesh-coloured 
precipitate  with  gelatin-solutionj  and  is  coloured  paler  by  tartar-emetic, 
without  precipitation. 

Ratanhiatannate  of  Lead.  —  The  alcoholic  solution  of  the  tannic  acid 
is  mixed  with  a  few  drops  of  neutral  acetate  of  lead,  and  the  filtrate 
is  precipitated  with  excess  of  neutral  acetate  of  lead.  The  pale  flesh- 
coloured  precipitate  is  washed  and  dried  at  a  gentle  heat.  —  Dark  red 
powder,  which,  after  drying  at  100**,  undergoes  no  further  change. 

Wittstein. 
Calculation  according  to  Wittstdn.  mean  at  100^. 

a,  b» 

54  C 324-0  ....  43-83  ....  43*73  ....  43-64 

24  H 24-0  ....  3-25  ....  3-23  ....  3-21 

21  0 1680  ....  22-73  ....  22-84  ....  22*90 

2  PbO 223-6  ....  30-19  ....  30-20  ....  30*25 

C«H«0«S2PbO    ....  739-6    ....  10000    ....  10000    ....  100*00 

Ratanliiatannic  acid  dissolves  easily  in  alcohol  (Wittstein). 

VOL.  XV.  2  Bt 
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19.  Batanhia-red. 

WirrsTEiN.     Pharm.  Vierielj,  3,  358. 

Produoed,  together  with  a  Baccharine  substance,  by  heatings  ratanhin- 
tannic  acid  (p.  529)  with  sulphuric  acid,  and  purifieia  by  precipitating 
the  alcoholic  solution  with  water. 

Brown-red,  easily  friable,  tasteless  mass. 

"mttstetn. 


12  C  72     70-59    ^..     70-67 

6  H 6    6-88    -.«.      5-74 

3  0 24    23-58     23.5» 

C"H«0» 102    100-00    ..- 100-00 

Insoluble  in  waUr^  but  dissolves  easily,  with  ruby-red  colour,  in 
alcohol.    * 

20.  Bhamnotannic  Acid. 

BixscHWAKOEB.    Repert.  104,  58. 

Obtained  in  the  preparation  of  rhamnocathartin  {u^/reu  roh  xri),  and 
purified  by  washing,  drying,  solution  in  ether  and  evaporation. — 
Greenish  yellow,  amorphous,  easily  friable  mass.  Tastes  bitter  and 
astringent.  Neutral. — Melts  and  decomposes  when  heated,  like  a  mm- 
azotised  body.  —  Nearly  insoluble  in  cold  water ;  somewhat  soloble  in 
boiling  water,  and  in  aqueous  ammonia ;  forming  a  golden  yellow^  liquid, 
which  gradually  turns  brown.  With  lime-water  and  potash-ley  it 
forms  yellow  solutions,  which  do  not  change  in  contact  with  the  air  ,- 
the  former  however  gradually  deposits  yellow  flocks.  The  aqueous 
solution  added  to  neutral  or  basic  acetate  of  lead,  throws  down 
orange-yellow  flocks ;  it  colours  ferric-salts  olive-green  and  then  pre- 
cipitates them.  In  tartar-emetic  it  forms,  after  some  time,  a  yeUow 
precipitate.  Does  not  precipitate  solution  of  gelatin.  —The  add  dis- 
solves readily  in  alcohol  and  ether. 


21.  Bhodotannic  Acid. 

C"H'0'? 

R.  ScHWARZ.     Wien.   Akad.  Ber.  9,  298 ;  J.  pr.  Chem.  58,  202 ;  Ann. 
Fharm.  84,  361 ;  Fharm.  Centr.  1852,  773 ;  aim.  Gaz.  1853,  44. 

Occurrence.    In  the  leaves  of  lihododendron  femigineum. 

Preparation.  The  alcoholic  decoction  of  the  leaves  is  freed  from 
alcohol  by  distillation ;  the  residue  is  mixed  with  water ;  the  filtrate  is 
precipitated  with  neutral  acetate  of  lead;  the  precipitate  is  treated 
with  dilute  acetic  add ;  the  liquid  is  filtered  from  the  undissolved  por- 
tion, and  the  filtrate,  heated  to  the  boiling  point,  isi»precipitated  with 
basic  acetate  of  lead.    When  rhodotannate  of  lead  is  precipitated 
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irnder  water  with  hydrosulphuric  acid,  and  the  solution  filtered  at 
the  boiling  heat  from  the  sulphide  of  lead  is  evaporated  in  a  stream  of 
carbonic  acid,  rhodotannic  acid  remains,  and  after  being  pulverised, 
may  be  dried  in  vacuo  over  oil  of  vitriol. 

Properties.    Amber-yellow  powder,  having  a  slightly  sour  astringent 
taste. 

Calculation  according  to  Schwars.  R.  Schwan* 

56  C    336    5500    54-91 

27  H  27     4-41     4-61 

31  O   248     40-59     40*48 


4C"H»07+3aq.   611     lOO'OO    lOO'OO 

After  dedaction  of  1*5  p.  c.  aah*. 

When  heated  with  aqueous  mineral  acids^  it  yields  a  reddish-yellow 
precipitate  of  rhodoxanthin,  which,  after  drying  in  vacuo,  contains 
52-40  p.  c.  C,  4-66  H.,  and  42'94  0.  (C«H»0»'  «  2C"H70»  +  HO?  calc. 
52-06  C,  3-70  H.),  and  decomposes  at  100°. 

Stannic  Rfiodotarmate,  —  Aqueous  rhodotannic  acid  forms  with  stan- 
nic hydrochlorate  a  precipitate  of  a  fine  yellow  colour. 

at  110\  Sdiwarz. 

140  C 840  ....  22-61     22-39 

87  H 87  ....  2-34     2-96 

97  0 776  ....  20-89     20-42 

27  SnO^    2025  ....  64-16    54-23 


10C"H8O9,27SiiO2+7HO....  3728    ....  10000    100  00 

Approximately  =  C"H»Oio,3Sn02. 

jRhodotannate  of  Lead.  —  Preparation,  p.  530.     Fine  chrome-ycUow  pre- 
cipitate, which  does  not  alter  at  100°. 

at  100".  Schwarz. 

42  C 252     28-21  28-20 

19  H 19     2-13  2-28 

22  0 176  19-70  19-57 

4  PbO 447  49-96  4995 

3C"H«07,4PbO  +  HO  894  100-00  100  00 


22.  Shustannic  Acid. 

J.  KiirrrEL.    Phai^m.  Viertelj.  7,  348. 

In  the  leaves  of  Rh^is  Toxicodendron.  —  The  ethereal  extract  of  the 
pulverised  leaves  is  shaken  up  with  warm  water ;  the  liquid  is  filtered 
and  set  aside  for  two  days ;  and  the  new  deposit  which  then  forms  is 
removed  by  a  second  filtration,  and  mixed  with  a  small  quantity  of 
neutral  acetate  of  lestd,  to  precipitate  sulphuric  and  phosphoric  acids. 
The  filtrate  is  then  completely  precipitated  by  neutral  acetate  of  lead,  and 
the  precipitate  collected,  washed,  and  dried  at  110®.  —  By  decomposing 
the  still  moist  lead-salt  under  water  with  hydrosulphuric  acid,  the 
aqueous  acid  is  obtained,  having  a  slight  bitter  taste  and  acid  reaction; 

2  II  2 
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■when  evaporated  it  leaves  an  amorphous,  yellowish  green  varnish.  The 
aqueous  acid  colours /«mc  chloride  dark  green,  and  forms  with  it  a  pre- 
cipitate of  the  same  colour  ;  it  colom-s  tartar-emettc  d«ep  yellow  with- 
out precipitation,  and  renders  gdatin-solution  turbid  when  concentrated. 

Leadiolt.  Khittd. 

18  C 108  ....  24-00  24-16 

14  H 14  ....  3-12  .,  312 

13  0 104  ....  23-12  23-24 

2  PbO 224  ....  49-76  4948 


CWll"0",2PbO 450  ....  100-00  100-00 

23.  Bubitannic  Acid. 

C.  WiLLiGK.  Wien,  Akad.  Ber.  8,  18  ;  J",  jw.  Chem.  58, 118 ;  Arm,  Pharm. 
82,  340  ;  Pharm.  Centr.  1852,  373  ;  Chm.  Gaz.  1852,  275. 

Occurrence,    In  the  leaves  of  Ruhia  tinctorum. 

Preparation.  The  aqueous  decoction  is  precipitated  with  neutral 
acetate  of  lead,  the  precipitate  digested  with  dilute  acetic  acid ;  the 
filtrate  precipitated  by  ammonia,  and  the  resulting  precipitate  washed 
with  alcohol  and  decomposed  under  alcohol  of  sp.  gr.  0-83  with  hydro- 
sulphuric  acid.  The  liquid  filtered  from  the  sulphide  of  lead  is  freed 
from  alcohol  by  distillation,  then  mixed  with  water,  and  precipitated 
by  basic  acetate  of  lead.  The  precipitate  is  decomposed  under  water 
by  hydrosulphuric  acid,  and  the  filtrate  evaporated  over  the  water- 
bath. 

Very  hygroscopic.  —  Coloured  red-brown  by  ammonia. 

Calcuiation  according  to  Willigk.  Wllligk. 

28  C 168    42-96    43-09 

28  H 23    6-88     5*89 

26  0 200  Sl-16  51-02 

2C"HK)»  +  7aq 391  100-00  100-00 

It  BtiU  retained  a  small  quantity  of  ash. 

RuhitannaieofLead.  —  The  decoction  prepared  from  the  fresh  herb 
is  precijpitated  with  neutral  acetate  of  lead ;  the  precipitate  is  digested 
with  dilute  acetic  acid ;  and  for  the  preparation  of  the  lead-salt  a,  the 
acetic  acid  filtrate  is  precipitated  with  ammonia ;  the  precipitate  is  de- 
composed by  hydrosulphuric  acid ;  and  the  filtrate,  after  being  freed 
from  excess  of  hydrosulphuric  acid,  is  precipitated  with  basic  acetate 
of  lead.  —  To  prepare  the  lead-salt  5,  the  acetic  acid  filtrate  is  precipi- 
tated with  basic  acetate  of  lead ;  the  precipitate  is  decomposed  under 
water  bv  hydrosulphuric  acid,  and  the  filtrate,  after  being  frped  from 
hydroBulphuric  acid,  is  precipitated  with  neutral  acetate  of  lead.  — 
The  lead- salt  c  is  obtained  by  adding  neutral  acetate  of  lead  to  the 
decoction  of  the  dried  herb,  till  a  sample  of  the  precipitate  dissolves 
completely  in  acetic  acid ;  removing  the  precipitate  formed  up  to  that 
stage  of  the  reaction;  precipitating  the  filtrate  with  neutral  acetate  of 
lead ;  decomposing  the  precipitate  last  obtained  with  hydroBulphuric 
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acid ;  heating  the  filtrate  to  expel  the  excess  of  that  reagent ;  and  then 
precipitating  with  neutral  acetate  of  lead. 

at  120®.  Schwarz.  In  vacuo,  Schwan. 

70  C    ]1-71     ....     11  50        56  C    20-13  ....     1997 

50  H  1-39    ....       1-42        33  H  198  ....       219 

55  O  12-26     ....     12-34        37  O  1773  ....     17*79 

24  PbO  74-64    ....     7474          9  PbO  60-16  ....     6005 


C7»H«»0»,24PbO....  100-00    ....  10000        C»«H»0»',9PbO....  10000    ....  10000 

c. 

at  100°.  Schwarz. 

28  C 14-79  14-74 

19  H 1-67  1-63 

21  0 14-79  14-97 

7  PbO 68-75  68-66 

C»n»»0»',7PbO 100-00    100-00 

a    perhaps   therefore  =  C"H»0»,5PbO  +  2aq. ;  fi  =  4C"H«0»,9PbO  +  aq. ;    c« 
2C»Il'*0»,7PbO  +  8aq.     (Schiran.) 

24.  Valerotannic  Acid. 

CzTRNiANSKi.    Ann,  Fkarm,  71,  21. 

When  fresh  valerian-roots  are  exhausted  with  hot  absolute  alcohol, 
the  tincture  precipitated  with  alcoholic  sugar  of  lead,  and  the  filtrate 
precipitated  with  ammonia,  lead-salts  of  two  acids  are  obtained. 

a.  The  precipitate  formed  by  neutral  acetate  of  lead,  yields,  when 
washed  with  boiling  alcohol,  and  decomposed  ullder  water  with  hydi'o- 
sulphuric  acid,  a  tannic  acid,  which  easily  decomposes  in  contact  with 
the  air,  is  coloured  red  by  oil  of  vitriol,  quickly  reduces  silver-salts, 
and  turns  brown  when  its  ammoniacal  solution  is  exposed  to  the  air. 
This  acid  does  not  colour  ferric  chloride  green ;  it  forms,  with  bai-yta, 
a  white  salt,  which  turns  brown  in  contact  with  the  air.  Its  lead-salt, 
precipitated  yellowish-white  by  neutral  acetate  of  lead,  turns  green 
in  contact  with  the  aur,  and  contains,  on  the  average,  17*45  p.  c.  C, 
1-86  H.,  13-52  0.,  and  67*17  PbO.,  agreeing  with  the  lead-salt  of  an 
acid,  C"nK)». 

b.  The  precipitate  obtained  with  ammoniacal  acetate  of  lead,  yields, 
when  decomposed  by  hydrosulphuric  acid,  an  acid  which  has  a  slight 
sour  taste,  appears  to  crystallise  when  evaporated  in  a  stream  of 
hydrogen,  reduces  silver-salts  like  the  acid  a,  but  does  not  form  an 
insoluble  baryta-salt.  The  lead-salt,  precipitated  by  basic  acetate  of 
lead,  contains,  on  the  average,  15*16  p.  c.  C,  1*68  H.,  14*30  0.,  and 
68*86  PbO,  corresponding  with  the  lead-salt  of  an  acid,  C"HW 


25.  Xanthotannic  Acid. 

A.  Febreik.    Pkarm.  Viertelj.  8,  1. 

Obtained  from  elm-leaves  reddened  in  the  autumn.  The  coarsely 
pulverised  dried  leaves  are  exhausted  with  alcohol;  the  extract  is 
evaporated  and  filtered  to  remove  the  wax  which  separates  out ;  tho 
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filtrate  is  precipitated  with  water ;  the  liquid  again  filtered,  and  then 
precipitated  with  neutral  acetate  of  lead.    The  precipitate  is  collected 

(the  filtrate  yields,   with   ammonia,  another  precipitate  of   the  same  composition), 

and  decomposed  under  water  with  hydrosulphuric  acid,  whereby  an 
insipid,  or  if  much  concentrated,  an  astringent  filtrate  is  obtained, 
precipitable  by  isinglass.  —  The  lead-salt  is  insoluble  in  acetic  add. 


28  C 

Lead^alt  at  100*. 
168     

30-39    .. 

3-26    .. 

5-79    ., 
60-56     .. 

Fcrrein. 
fweaii. 
29-60 

18  H 

18     

3-21 

4  O 

32     

6-06 

3  PbO 

336    

......     6113 

C^H»'0*,3PbO t%i     100-00    10000 

26.  Xylochloric  Acid. 


L.  Bley,  Jun.    N.  Br.  Arch.  94,  129. 

A  green  colouring  matter,  which  sometimes  forms  on  decayed 
pieces  of  wood,  and  makes  the  whole  mass  appear  green.  Pieces  of 
wood  [of  this  khid  do  not  undergo  any  change  in  water,  alcohol,  or 
ether,* but  impart  the  green  colour  to  alkaline  Mquids. 

From  Beechwood,—WheD.  the  colouring  matter  is  extracted  fiom 
the  green  wood  by  twice  treating  it  witn  aqueous  ammonia  of  the 
strength  of  5  per  cent.,  and  the  olive-green  filtrate  is  mixed  ivith 
hydrochloric  acid,  dark  green  fiocks  are  precipitated,  which,  after  being 
washed  with  water,  dry  up  to  a  dark  green  friable  mass.  This  sub* 
stance  is  decomposed  by  heat,  giving  off  acid  vapours  without  meltiog; 
it  is  insoluble  in  water,  alcohol,  and  ether,  is  not  perceptibly  altered 
by  hydrochloric  acid,  but  is  carbonised  by  oil  of  vitrioL  It  stiU  con- 
tains ash,  nitrogen,  and  water. 

The  ammoniacal  solution  of  this  (impure)  xylochloric  add,  has  a 
deep  olive-green  colour,  is  neutral  after  the  excess  of  ammonia  bas 
been  expelled,  and  yields,  by  spontaneous  evaporation,  a  residue  com- 
pletely soluble  in  water.  It  forms  a  dingy  green  predpitate  "snth 
ferric  chloride,  olive-green  with  cupric  sulphate  and  mercurous  nitrate, 
and  precipitates  nitrate  of  silver,  after  some  time  only,  with  partial 
reduction  of  the  silver.  When  it  is  precipitated  by  neutral  acetate  of 
lead,  the  supernatant  solution  appears  colourless,  and  the  dingy  green 
flocks  from  different  preparations  exhibit,  after  drying  at  110**,  whereby 
they  lose  10  p.  c.  of  th^ir  weight,  the  composition  a  and  b. 


Calculation  according  to  Bley. 

30  C  25-67  . 

26  H 8-71  . 

34  O 38-79  . 

2  PbO 31-83  .. 


Blej. 
a. 

25-91 

3*85 

38-57 

31-67 


Calculation  according  to  Bley. 

90  C  25-49 

30  H 1-42 

54  O  20-40 

10  PbO 62-69 


Bkf. 
k 

25*39 

1-48 

19-63 

53-51 


C^H»0»*,2PbO.„.  100-00    ....  100-00        3C»HWH"!,10PbO..,.  100-00    ...  lOO'i 
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Pyrrol-red,  —  0.  Hesse  has  observed  this  substance  among  the  pro- 
ducts of  the  putrefaction  of  yeast  {J,  pr.  Chem,  70,  44).  On  distilling 
the  putrefied  yeast  at  a  moderate  heat,  a  large  number  of  fatty  acids, 
volatile  bases,  &c.,  are  given  off ;  and  on  subjecting  the  residue  to  diy 
distillation,  amylamine  and  ammonia  are  evolved,  together  with  a  sub- 
stance, which,  when  its  hot  solution  is  mixed  with  hydrochloric  acid, 
is  immediately  converted  into  a  thick,  red,  amorphous  mass  of  pyrrol- 
red  ;  hence  it  appears  probable  that  pyrrol  is  formed  in  the  decompo- 
sition of  the  carcases  of  infusoria. 

The  pyrrol-red  obtained  as  above,  after  being  well  washed  and 
dried  in  vacuo,  formed  a  black  shining  mass,  which  yielded  a  coffee- 
coloured  powder  ;  it  was  sparingly  soluble  in  water,  ether,  acids,  and 
ammonia,  easily  in  alcohol.  It  gave,  by  analysis,  66'6  p.  c.  carbon, 
7'1  hydrogen,  and  8*8  nitrogen ;  also  a  small  quantity  of  sulphur, 
probably  an  impurity  arising  from  the  decomposition  of  some  of  the 
other  products  of  the  putrefaction  of  the  yeast. 


Page  57. 
Appendix  to  Physodtn, 

Ceratophyllin, 

0.  Hessb.    Ann.  Pharm.  119,  365. 

Occurs,  together  with  physodin,  in  Parmelia  ceratopkylla^  van 
physodes  {Q\^(y  coWod  Parmelia  physodes). 

Preparation.  About  3  lbs.  of  the  lichen,  after  being  washed  with 
water,,  is  stirred  up  with  clear  lime-water;  the  alkaline  solution  is 
neutralised  with  hydrochloric  acid ;  and  the  resulting  yellowish  grey 
flocculent  precipitate  is  washed  several  times  with  cold  water  to  remove 
the  excess  of  add,  then  collected,  dried  in  the  .air,  and  freed  from 
uncrystallisable  matter  by  digestion  with  boiling  alcohol  of  75  p.  c. 
There  then  remains  a  dark  green,  soft,  elastic  mass,  probably  contain- 
ing physodin  and  usnic  acid,  to  remove  which,  the  mass  is  boiled  with 
strong  soda-ley.  A  dark  brown  liquid  is  thus  obtained,  which,  on 
cooUng,  deposits  ceratophyllin  unmixed  with  either  of  the  substances 
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just  mentioned.  It  may  be  eetMurated  from  the  mofh^r-liqnor  by 
filtration,  and  purified  by  reciystaHisation  from  boiling  alcohol  with  the 

aid  of  animal  charcoal.  When  the  lichen,  without  previous  wsshiog,  is  stirred  ip 
with  thin  milk  of  lime,  the  yellowish  filtrate  does  not  yield  any  precipitate  with  hj4v- 
chloric  acid.  The  precipitate  formed  as  ahoTe  described  is  partieularly  abnndmt  wbea 
the  lichen  has  been  obtained  from  birth-stems,  and  the  maceration  has  not  been  gob- 
tinned  for  more  than  15  hours. 

Properties.  Thin,  white  prisms,  which  when  placed  upon  the  tongae 
produce,  at  first,  a  slightly  irritating  taste,  soon  becoming  ratler 
strongly  perceptible  in  the  throat ;  subsequently  a  persistent  buining 
sensation  is  experienced  on  the  tongue.  Melts  at  147**  to  a  colourieBs 
liquid,  and  solidifies  in  the  crystslline  form  between  136°  and  138°. 
It  begins  to  sublime  even  at  the  melting  point,  and  at  a  somewhat 
higher  temperature  sublimes  very  easily  and  without  alteration  in  thin, 
colourless  laminae. 

Ceratophyllin  appears  to  be  a  higher  homologue  of  orseDate  of 
ethyl,  C^ffW  (xii,  373);  its  melting  point  is  about  15  **  degrees  higher 
than  that  of  the  latter. 

Ceratophyllin  is  much  more  soluble  in  hot  tacUer  than  in  cold;  tt 
dissolves  readily  in  oUcohol^  ether^  potash-ley,  aqueous  canmonia,  and  Umt' 
water.  The  alcoholic  solution,  which  has  a  neutral  reaction,  is  (xiiowA 
purple-violet  by  a  small  quantity  of  ferric  chloridej  blood-red  bysolatioii 
of  chloride  of  lime,  the  latter  colour  being  destroyed  by  excess  of  the 
reagent ;  no  precipitate  with  alcoholic  sugar  of  lead  or  nitrate  of 
silver.  From  the  ammoniacal  solution,  hydrochloric  acid  throws  down 
the  ceratophyllin  in  thin  prisms.  Ceratophyllin  dissolves  in  dflntfi 
nitric  acid,  the  solution  acquiring  only  a  slight  yellow  tint  when  heatei 
Strong  sulphuric  acid  dissolves  it  without  alteration  at  ordinary  tem- 
peratures, but  chars  it  when  heated. 


Page  58. 

Leucic  Acid.  —  This  acid  is  produced  by  the  action  of  potash  or  of 
silver-oxide  on  bromo-caproic  acid  (Cidiours,  Ann.  Pharm.  SuppLi,!^)'- 

CMH"BrO<      +      KO,HO      »      KBr      +      CiniaO«. 
Bromocaproic  acid.  Leadc  add. 

Page  73. 

Starch-granules  in  the  Atmosphere.  —  Pasteur,  by  drawing  air  for 
some  time  through  ajtube  containing  a  plug  of  gun-cotton,  to  arrest  the 
particles  of  dust  carried  along  by  the  current,  then  dissolving  up  the 
cotton  with  ether-alcohol,  leaving  the  dust  to  settle,  decanfin^r  *^ 
liquid,  washing  the  dust  several  times  with  ether-alcohol,  and  ^ 
testing  it  under  the  microscope  with  iodine-water, — has  shown  that 
starch-gianules  constantly  exist  in  the  atmosphere.  —  Starch-grannies 
are  also  found  in  the  dust  which  settles  on  floors,  fumitui«,  &. 
{N.  Ann.  Chim.  Phys.  64,  29). 
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Page  83. 


Starch,  heated  with  bromine  and  water,  yields  a  solution  which  no 
longer  contains  free  bromine,  but  does  not  yield  any  crystallised  acid 
like  isobiglycolethylenic  add  (p.  233),  or  any  other  crystallisable 
compound  (Barth  &  Hlasiwetz,  Ann,  Fharm.  122,  111). 


Page  135. 

Cellulose  (cotton),  treated  in  like  manner  with  bromine  and  water, 
is  partially  dissolved,  but  yields  only  traces  of  an  acid  syrup  (Barth  & 
Hlasiwetz,  loc.  cit). 

Page  175. 

Spontaneous  Decomposition  of  Pyroxylin  under  the  influence  of  diffused 
light.  —  (Bonet,  Compt,  rend.  53,  405;  Zeitschr,  Ch.  Pharm.  6,  56.)  — 
Two  samples  of  pyroyUn,  (a)  prepared  with  a  mixture  of  sulphuric  acid 
and  nitrate  of  potash,  (h)  with  nitro- sulphuric  acid,  and  both  kept  in 
stoppered  bottles  exposed  to  diffused  daylight,  underwent  spontaneous 
decomposition  in  the  course  of  four  years ;  a  decomposing  more  quickly 
than  5,  and  with  much  greater  energy.  In  both  cases  the  decompo- 
sition was  accompanied  by  the  evolution  of  red  vapours,  which  showed 
themselves  before  the  decomposition  was  complete. 

The  soUd  residue  of  a  was  porous,  having  the  appearance  of  a  sub- 
stance which  had  been  more  or  less  fluid ;  that  of  b  was  compact,  hard, 
and  elastic,  had  more  or  less  of  a  gummy  aspect,  and  a  yellowish  white 
or  straw-yellow  colour ;  the  colour  of  the  residue  a  was  darker,  like 
that  of  sugar  somewhat  considerably  cai*amelised. 

In  both  c€U3es  the  sides  of  the  bottles  were  covered  with  crystals 
of  oxalic  acid  (comp.  Hofmann,  p.  175) ;  the  residue  of  b  was  also  pene- 
trated by  these  crystals  in  several  places. 

The  atmosphere  above  the  residue  b  was  strongly  acid,  and  con- 
tained carbonic  aud  formic  acidsy  together  with  a  vapour  which  had  a 
great  attraction  for  water.  Some  indications  of  the  presence  of 
cyanogen  were  likewise  obtained ;  but  they  were  not  decisive.  The 
gas  did  not  give  any  indications  of  the  presence  of  either  of  the 
oxygen-compounds  of  nitrogen,  not  even  of  nitric  oxide. 

The  solid  residue  freed  from  oxalic  acid  by  alcohol,  left  a  white 
substance,  perfectly  soluble  in  water,  like  gum. 

According  to  Chevrcul  (Compt,  rend.  53,  407),  pyroxylin  may  bo 
kept  in  the  chrk  for  ten  years  without  decomposing. 

Page  254. 

• 

Conversion  of  Cane-sugar  into  Glucose  by  the  action  of  Acids, — 
Lowenthal  &  Lenssen  {J.  pr,  Chem.  85,  321)  have  examined  the 
manner  in  which  this  reaction  is  affected  by  variations  in  the  propor- 
tions of  acid,  sugar,  and  water  present,  as  well  as  by  the  duration  of  the 
process  and  the  temperature  at  which  it  takes  place.  All  the  experi- 
ments were  made  at  the  atmospheric  temperature,  excepting  those 
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in  which  tho  effect  of  change  of  temperature  was  the  special  object 
studied. 

1.  The  intensity  of  the  action  of  sulphuric  add  upon  sogar 
diminishes  as  the  quantity  of  acid  increases  up  to  a  certain  point,  after 
which  it  increases  in  proportion  to  the  quantity  of  acid  used.- 
2.  The  action  is  proportional  to  the  quantity  of  sugar  present.  The 
same  quantity  of  acid,  treated  with  increasing  ouantities  of  aqueous 
cane-sugar,  was  found  to  yield  quantities  of  glucose,  varying  fraa 
8-49  to  3*56  per  cent,  of  the  sugar  employed.  —  3.  The  intenatyof  tiie 
action  diminishes  to  a  certain  point  as  the  solution  is  more  dilute;  bst 
beyond  that  point  the  intensity  of  the  action  increases  with  the  degree 
of  dilution.  —  4.  In  the  early  stages  of  the  reaction  its  intensity  a«- 
tinually  increases,  but  as  soon  as  2  at.  glucose  have  been  formed  for 
every  6  at.  acid,  it  progressively  diminishes. 

A  solution  of  cane-sugar  left  to  itself  for  about  a  fortnight,  is 
found  to  contain  glucose ;  no  alteration  is  however  perceptible  in  it  st 
the  end  of  24  hours,  even  if  it  has  been  kept  at  the  boiling  heat,  bm 
if  it  be  heated  under  pressure  with  a  small  quantity  of  acid,  a  veij 
energe'tic  action  takes  place,  increasing  with  the  temperature. 

All  monobasic  minerai  acids  modify  sugar  in  the  same  degree.  ^ 
neutral  salts  of  these  adds,  on  the  contraiy,  have  no  action  npon  h; 
nevertheless,  their  presence  accelerates  the  action  of  adds  on  sac- 
charine  solutions :  thus  the  transformation  of  cane-sugar  into  gincoee 
by  hydrochloric  acid  takes  place  much  more  quickly  on  the  addition  rf 
chloride  of  caldum.  The  neutral  salt  however  acts  only  when  at 
least  2  molecules  of  acid  are  present  to  5  molecules  of  the  salt;  jook- 
over  its  effect  is  limited  to  the  earlier  stages  of  the  action;  after  the 
lapse  of  a  few  hours,  the  action  goes  on  as  if  there  were  no  neutral  di 
present.  —  Nitric,  hydriodic  and  chloric  acids,  act  in  presence  of  tbeir 
neutral  salts  in  the  same  manner  as  hydrochloric  acid  with  chloride  oi 
calcium.  —  Lowenthal  &  Lenssen  attribute  the  effect  of  neutral  sa/fe 
to  their  power  of  combining  with  a  portion  of  the  water,  and  thts 
increasing  the  strength  of  the  acid. 

Page  290. 
Colloidal*  condition  of  Sucrates,  —  (Graham,  Ckem.  Soc.  /.  15, 255> 

*  The  term  colloidal  ii  appUed  by  Graham  to  a  class  of  bodiea-^of  which  gdiU 
may  be  regarded  as  the  type — ^which  possess  but  little  diffosibility, — form  8^*^^ 
hydrates, — are  remarkably  inactive  in  their  chemical  relatioiis, — ^incapsble  of  OTI^' 
lising, — and  though  largly  soluble  in  water,  are  yet  retained  in  it  by  a  very  f^^  ^^ 
—  Such  are  aqueous  sUicic  acid,  aqueous  alumina,  starch,  dextrin,  the  gums,  c*^*"'? 
tannin,  albumin,  gelatin,  Tegetable  and  animal  extractive  matters. —Tbow  «»*• 
stances,  on  the  contrary,  whidi  are  capable  of  crystallising  and  exhibit  a  high  degrtew 
diffusibility  are  called  ctyttalloUU,  Liquid  colloids  appear  to  have  always  a  pccton 
or  curdled  modification,  and  often  pass  into  that  condition  under  the  slightest  inflii^^ 
Many  solid  colloidal  substances,  such  as  the  jelly  of  starch,  that  of  animsl  mucoS' ^ 
vegetable  gelose,  &c.,  are  easily  permeable  to  crystalloidal  substances,  but  offer  gi^ 
resistance  to  the  passage  of  colloids,  like  themselves.  Hence  a  septum  of  f^^ " 
stance  affords  an  excellent  means  of  separating  crystalloidal  from  colloidal  sabst>B<^ 
in  solution.  A  very  convenient  apparatus  for  the  purpose  consists  of  a  sheet  of  p^r^"' 
ment-paper  stretched  over  a  hoop  Uke  a  drum,  which  is  then  caused  to  float  upoo  i'"^ 
quantity  of  pure  water,  the  mixed  colloid  and  crystalloid  solution  being  poured  ^P^^? 
upper  surface.  Such  an  apparatus  is  called  a  "  dialyser,"  and  the  separation  of  cr}^ 
lolds  from  colloids  in  ibii  manner  is  called  '*  diilysii.'' 
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Sucrate  of  Linie,  —  The  solution  of  limo  in  sugar  forms  a  solid  coa- 
gulum  when  heated,  and  at  a  high  temperature  is  probably  entirely 
colloidal.  The  soUition  obtained  on  cooling  passes  through  a  septum 
of  parchment-paper,  but  requires  a  much  longer  time  than  a  true 
crystalloid  like  chloride  of  calcium. 

Sucrate  of  UranyL  —  A  colloidal  compoimd  is  obtained  by  adding 
potash  to  a  mixture  of  uranic  nitrate  or  chloride  with  sugar,  avoiding 
Keat.  The  solution  is  of  a  deep  orange  colour,  and  on  the  dialyser 
soon  loses  the  whole  of  its  acid  and  alkali.  The  fluid  sucrate  has  con- 
siderable stability,  but  is  readily  pectised  (coagulated)  by  salts,  with 
separation  of  a  basic  sucrate  which  is  soluble,  to  a  considerable  extent, 
in  pure  water. 

Ferric  Sucrate,  —  Feme  chloride  mixed  with  sugar  is  not  precipitated 
by  potash,  provided  the  temperature  is  not  allowed  to  rise.  The  ferric 
oxide  combined  with  the  sugar  is  colloidal  and  remains  without  loss  on 
the  dialyser.  At  a  certain  stage,  however,  the  sugar  appears  to  leave 
the  ferric  oxide ;  a  gelatinous  ferric  subsucrate  pectises.  The  basic 
sucrate  thrown  down  from  the  soluble  sucrate  by  the  addition  of  sulphate 
of  potash,  consisted  of  about  22  pts.  sugar,  to  78  pts.  ferric  oxide. 

Cupric  Sucrate.  —  The  deep  blue  liquid  obtained  by  adding  potash  to 
a  mixed  solution  of  cupric  chloride  and  sugar,  appears  to  contain  a 
colloidal  substance.  It  loses  by  dialysis  the  whole  of  its  potassium 
and  chlorine,  a  colourless  Hquid  passing  through  the  dialyser,  and  a 
green  liquid  remaining,  consisting  of  a  compound  of  sugar  with  cupric 
oxide.  This  solution,  when  mixed  with  salts  or  acids  (even  acetic 
acid)  deposits  a  bluish-green  pectous  precipitate  (containing  about 
1  pt.  sugar  to  2  pts.  cupric  oxide) ;  when  heated  strongly,  it  also 
yields  a  bluish  green  precipitate,  and  does  not  allow  the  protoxide  of 
copper  to  be  easily  reduced  to  dioxide.  When  evaporated,  it  leaves 
transparent  emerald-green  films,  which  are  not  altered  by  alcohol 
either  cold  or  boiling,  but  are  resolved  by  water  into  sugar  and  the 
pectous  bluish-green  compound  above-mentioned. 

The  blue  solution  of  cupric  tartrate  in  caustic  potash  contains  a 
colloidal  compound  which  has  not  yet  been  fully  examined. 


Page  291. 

Caramelane.  (Gelis,  N.  Ann.  Chivu  Phys.  65,  497.)  —  This  substance 
may  be  obtained  quite  colourless,    by  operating   on   starch-sugar 

[  ?  by  heating  it  for  some  time  to  190*,  and  operating  as  described  at  page  291] 

and  decolorising  the  product  with  ci-ude  animal  charcoal.  This  colour- 
less caramelane,  as  well  as  the  coloured  product  described  at  page  291, 
is  not  capable  of  reproduing  sugar. 

If  caramel  be  prepared  without  attention  to  the  precautions  indi- 
cated by  Gelis  [heating  sugar  for  some  time  to  a  temperature  not  below  190®], 
if,  for  example,  the  heat  is  too  low,  or  not  continued  long  enough,  the 
portion  of  the  caramel  which  is  soluble  in  alcohol,  contains  a  large 
quantity  of  glucosan  as  well  as  caramelane. .  Glucosan  is  likewise 
colourless,  and  is  distinguished  from  caramelane  by  its  power  of  repro- 
ducing the  sugar  from  which  it  was  derived,  when  subjected  to  certam 
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influences,  especially  to  the  action  of  water  or  dilate  adds.  Tfe 
property,  already  noticed  by  Gelis  (N.  Ann.  Chim,  Pkys.  57,  25i)i 
explains  a  fact  recently  observed  by  Pohl,  (sec  p.  249)  namely,  tint 
certain  caramels  regain  their  saccharine  taste  by  keeping. 


Page  293. 

CarameUn  (Graham,  Chen.  Soc.  J.  15,  258).  —  When  crude 
caramel,  obtained  by  heating  cane-sngar  to  210"*  —  220°,  is  placed  oa 
the  dialyser,  certain  colouring  matters  of  intermediate  oompositioQ, 
the  caramelane  and  caramclenc  of  Gelis  pass  through,  and  caramelia, 
the  most  highly  carbonised  compound  of  the  three,  remains  behini 
This  purified  caramel  (which  may  also  be  obtained  from  crude  caramd, 
by  repeatedly  precipitating  the  aqueous  solution  with  alcohol  till  tia 
precipitate  is  no  longer  plastic,  butj  pulverulent,)  possesses  five 
times  the  colouring  power  of  the  original  caramel.  A  solution  cob- 
taining  10  per  cent,  of  it  is  g^nmiy,  and  changes,  on  standing,  to  t 
jelly  perfectly  soluble  both  in  hot  and  in  cold  water ;  the  soludoa 
dries  up  in  vacuo  to  a  black  shining  mass,  which,  so  long  as  it  reto 
a  certain  amount  of  water,  is  still  tough  and  elastic.  If  this  purifiei 
caramel  be  carefully  dried  at  a  compai-atively  low  temperature,  S 
remains  soluble  in  water  after  being  heated  to  120°,  but  if  the  solutitffl 
be  at  once  evaporated  to  dryness  at  100°,  the  caramel  becomes  inso- 
luble both  in  cold  and  in  hot  water.  Purified  caramel  gave,  by 
analysis,  5'1'59  p.  c.  carbon,  answering  nearly  to  the  forroni* 
C-*H»0^  which  requires  55-17  p.  c. ;  Gelis  {N.  Ann.  Chim. PhyB,h%lTu 
obtained  in  two  analyses  of  his  caramelin  55*06  and  55"11  p.c.  carboa). 

A  solution  of  pure  caramel  (caramelin)  is  tasteless,  and  has « 
neutral  reaction.  The  caramel  is  precipitated  from  it  by  the  smallest 
quantity  of  mineral  acids,  alkaline  sulphides,  chloride  of  sodium,  m 
most  other  salts,  and  by  alcohol,  as  a  brownish  black,  pulverulent  sub- 
stance, insoluble  in  water,  whether  colder  hot.     in  the  crude  prod«*e^' 

the  roasting  of  sugar,  the  caramel  is  protected  from  the  action  of  these  boiUes  ^^* 
intermediate  brown  substances  present.     The  caramel,  thus  rendered  inSOluWft 

swells  up  to  a  jelly  in  dilute  potash-ley,  and  dissolves  when  the  liqw° 
is  warmed.  On  dialysing  this  solution,  the  proportion  of  potash  iflij 
is  quicklv  reduced  to  about  9  per  cent.,  and  if  acetic  acid  be  lb* 
added,  tne  whole  of  the  potash  passes  through  the  dialyser,  and  ^ 
caramel  remains  behind. 


Page  357. 
Mannite  in  tlie  OUve, 

De  Luca.     Compt.  rend.  55,  506. 

Mannite  exists  in  all  pai'ts  of  the  olive,  especially  in  the  lea^^ 
flowers,  and  fruits  of  the  olive,  in  quantities  varying  with  the  seasoB- 

The  leaves  when  macerated  for  some  days  in  strong  alcohol,  P^ 
up  water,  which  passes  into  the  alcoholic  solvent,  and  at  ^^^ 
time  mannite  separates  out  upon  their  surface  in  stellate  ffroupeoi  W 
needles.    When  the  leaves  are  treated  with  boiling  alcohol,  the  hq^ 
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on  cooling,  deposits  mannite  mixed  with  other  sabstances  soluble  in 
alcohol. 

The  leaves  in  the  earlier  stages  of  their  growth  contain  but  a 
Bmall  quantity  of  mannite ;  it  increases  as  they  develop,  but  diminisheB 
during  the  flowering  time,  and  while  the  leaves  are  beginning  to 
assume  their  green  tint ;  and  disappears  entirely  when  they  turn  yellow 
and  fall  off. 

The  f oUowmg  table  shows  the  quantities  of  mannite  obtained  from 
the  leaves  of  different  olive  trees,  growing  in  the  neighbourhood  of 
Pisa. 


Time  of 

Gathering. 

Weight  of  Leaves. 

Mannite  obtained. 

Moist. 

Diy. 

Total. 

Percent. 

1. 

5  November, 
12 

19 

28 
7  December, 

1* 

6  January, 

16 
20 

4  February, 

4 
14 
21 

1     March, 

12 
23 
4      April, 
14 
25 

1861 

grms. 

265  0 
120-0 
430  0 
104-0 
222-0 
225-0 
140-0 
263-0 
198-0 
324-0 
350*0 
418-0 
324-0 
381  0 
139-0 

97  0 
171  0 
155-0 
167  0 

97-0 

grms. 

139-1 
100-3 
209-8 

95  0 
116-3 
139-5 
106-9 
164  3 
126-3 
177-2 
212-1 
212-7 
229  3 
157-9 
124-7 

49-5 
130-8 
127*9 
163-7 

90-8 

grms. 

0-597 

0  128 
0-972 
0*253 
1-468' 
1-005 
0-394 
0*583 

1  065 
1-425 
0-872 
1-606 
1-286 
0-375 
0-837 
0-333 
0-545 
0-060 
0-424 
0  035 

grms. 
0*43 

2. 

0*12 

3. 

ff       •••••••«••••••■••••• 

0-61 

4. 

yy        ••••••■•« ..t ••••••«• 

0-26 

5. 

1861 

1-25 

6. 

0-72 

7. 

0-87 

8. 

1862 

0-36 

9. 

0-84 

10. 

0*71 

11. 

1862 

0*41 

11  bis. 
12. 

*>    - 

0*70 
0-56 

13. 

0*23 

14. 

1862 

0*67 

15. 

0*67 

16. 

WW         •••••••••••••••••••■ 

%9                ••••t««9tt«B ••■••>*•* 

0*42 

17. 

1362 

0-05 

18. 

0*26 

19. 

yy         •••••••••••••••••••• 

0*04 

The  next  table  gives  the  quantities  of  mannite  obtained  from 
leaves,  gathered  on  the  26th  of  February,  1862,  from  13  different 
olive-trees  growing  in  the  Botanic  Garden  at  Naples, 
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1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 


Time  of  Gathering. 


26  February,  1862 

>f  It 

tf  »> 

tt  tt 

tt  $t 

If  99 

t>  ff 

i>  l> 

»y  >i 

»«  ti 

fr  if 

tt  >t 

It  tt 


Weight  of  Leaves. 


Moist. 


gnns. 


102 
140 
126 
165 
141 
122 

78 

95 
103*0 
120  0 
125  0 
105  0 
181-0 


0 
0 
0 
0 
0 
0 
0 
0 


Dry. 


grms. 

52-0 
67-2 
64-0 
87-9 
70-9 
66-6 
38  1 
50-1 
56-2 
65  7 
65  0 
56-6 
63*9 


Mannitie  obtaxned. 


Total. 


grms. 

0-285 
0-901 
0-525 
•360 
•874 
440 
•232 
0-514 
0-710 
0-724 
0-680 
0-489 
0-853 


1 
0 
0 
0 


0-55 
1-32 
0-S2 
1-54 
'23 
66 
61 
03 
26 
10 


1 
0 
0 
1 
1 
1 


1-04 
0-86 
1-33 


The  percentage  of  mannite  is  calculated  on  the  leayes  dried  between  110* 
and  120^ 

A  comparison  of  the  two  tables  shows  that  the  leaves  of  olives  grown 
at  Naples  contain  a  larger  quantity,  than  those  grown  at  Pisa,  and 
gathered  at  the  same  time  of  year. 

The  flowers  of  the  ohve,  in  the  month  of  June,  contain  a  conside- 
rable quantity  of  mannite,  which  mav  be  extracted  by  alcohol,  bat 
after  fecundation  it  disappears  altogether  from  the  flowers,  so  that  those 
which  fall  on  the  ground  contain  none. 

The  fruit  of  the  olive,  even  when  scarcely  foimed,  contains  a  ccm- 
siderable  quantity  of  mannite,  so  that  when  young  olives,  which  can 
scai-cely  be  separated  from  the  flower,  are  immersed  for  some  time  in 
alcohol,  the  liquid  spontaneously  deposits  mannite,  and  the  motlier- 
liquor  yields  an  additional  quantity  when  evaporated  to  a  third  of  its 
bulk.  — The  oUves  are  found  to  contam  mannite  so  long  as  they  remain 
green ;  but  the  quantity  continually  diminishes  as  they  approach 
maturity,  and  disappears  altogether  when  they  are  quite  ripe  and  no 
longer  green,  and  contain  their  maximum  quantity  of  oil. 

Chlorophyll,  or' an  analogous  green  substance,  which  constantly 
accompanies  mannite  in  the  leaves  and  fruit  of  the  oUve,  likewiBe  dis- 
appears simultaneously  with  it,  so  that  the  yellow  leaves  and  the  ripe 
olives  contain  neither  mannite  nor  chlorophyll.  The  increase  of  the 
proportion  of  these  two  substances,  dm-ing  the  period  of  development 
of  the  fixed  oil,  and  their  disappearance  when  the  olives  contain  their 
maximum  of  oil,  seems  to  show  that  they  contribute  in  some  way  to 
the  formation  of  the  fatty  matter. 

When  the  alcoholic  solution  of  mannite,  obtained  either  from  the 
leaves  or  from  the  fruit  of  the  olive,  has  deposited  the  whole  of  the  crys- 
tallisable  mannite,  the  mother-liquor,  if  left  for  some  weeks  to  evaporate 
in  the  air,  is  converted  into  a  viscous  substance,  which  gradually  yields 
a  fresh  crop  of  crystals  of  mannite  separable  by  boihng  alcohol  This 
seems  to  show,  that  the  mannite  in  the  leaves  and  fruit  is  accompanied 


ADDENDA.  643 

oy  mannitan,  which,  on  exposure  to  the  air,  takes  up  the  elements  of 
water,  and  is  converted  into  mannite. 


Pages  884,  889. 

Identity  of  Melampyrite  and  Dulcite. 

L.  Gilmer.    Ann.  Pharm,  123,  372. 
Erlekmeter  &  Wankltn.  Chem.  Soc.  J.  15,  455. 

The  identity  of  these  two  bodies  is  shown  by  comparison  of  their 
crystalline  forms,  composition,  and  reactions. 

Melampyrite  (from  Melampyrum  nemorosum),  crystallises  from'  a 
moderately  warm  aqueous  solution  in  transparent,  colourless,  shining 
prisms,  of  the  oblique  prismatic  (monoclinic)  system,  with  octahedral 
summits,  the  edges  of  which  are  truncated  by  the  faces  of  an  orthodia- 
gonal  dome,  or  the  combination  by  ooP  .  -f  P  .  —  P  .  -f  Poo  .  —  Poo . 
Inclinations  of  the  faces,  oo  P  :  oo  P  =  112** ;  +  P  :  -  P  =  115*^  45' ; 
ooP  :  +  P  =  184M5'  (Gilmer). 

The  crystals  of  dulcite  are  described  by  Laurent  as  monoclinic 
prisms,  having  their  obtuse  edges  symetrically  truncated,  together 
with  the  octahedral,  and  the  basal  end-faces,  oo  P  :  oo  Poo  :  +  P  .  — 
P  .  o  P  .  Inclination  of  ooP  :  xP  =  112^  ;  +  P  :  -  P  =  115°  26'; 
ooP  .  +  P  =  134°  42'  (see  page  385).  The  crystals  of  dulcite  and 
melampyrite  are  therefore  identical,  so  far  as  regards  their  primary 
forms  and  chief  modifications ;  in  both  bodies  also  they  are  generally 
aggregated  in  crusts.  Both  are  slightly  sweet,  optically  inactive,  and 
not  capable  of  fermenting  with  yeast. 

The  melting  point  of  melampyrin,  as  determined  by  Gilmer,  is  180° 
(uncoiTected) ;  according  to  Eichler  (p.  390)  it  is  186°  ;  that  of  dulcite 
is  190°  (Laurent);  182°  (Jacquelain).  Both  bodies  crystallise  from 
fusion. 

The  composition  of  melampyrite,  agrees  with  the  foimula  of  dulcite, 
C"ff *0",  a  result  corroborated  by  the  analysis  of  the  baryta-com- 
pound. 


Melampyrite, 
12  C 72    

at  UQ\ 

39-56    . 

7-69     . 

52-75     . 

Gilmer. 

39-46 

7-87 

52-67 

Erlenmeyer 
&  Wanklyn. 

'  14  H 14     

12  0 96    

....       7-9    ....      7-90 
....    52-4    ....    62-77 

C»HW0«  ....  182    100-00    . 

Baryta'Compound,  < 
12  C 72 

.......  100-00 

%t  140*. 

22-7 

3-8 

25-2 

48-3 

....  100-0    ....  100-00 

Gilmer. 
22-4 

12  H 

12 

4*1 

10  o 

80 

23-6 

2  BaO 

153 

49-9 

C'^H'^Ba^O" 

317 

100-0 

100-0 

544  ADDENDA. 

Bar^ia'Can^mmd  dried  wer  oil  qftiirioL 

12  C 72  18-0 

12  H ^ -  12  3-0 

10  0 80  ^.  20-3 

2  BaO 153  . ^  38-4     ..••..-     38-6 

9  HO 81  20-3     20-0 

C»H"BaK)>«  +  »«q 298    100-0 

The   baryta-compound  of  dnldte,    air-dried,    oontuos    C^H^BaH>^  -I-  14aq.  (i 
C»Hi«Oi<.2BaO  +  14aq.,  as  stated  at  page  387).  {Lieh.  Ktipp.  JaJkresier,  1850,  p 


Melampyrite  heated  to  275°  begins  to  give  off  water,  the  mass  as 
the  same  time  assuming  a  brownish  tint ;  [dnlcite  appears  to  deoooh 
pose  at  a  somewhat  lower  temperature  (p.  385)].  —  Melampyxitf 
heated  with  nitric  acid  yields  a  considerable  quantity  of  mucic  add; 
the  liquid  filtered  therefrom,  and  neutralised  with  carbonate  of  lime^ 
yields  a  precipitate,  consisting  chiefly  of  oxalate  of  lime,  and  the  8ol«- 
tion,  filtered  from  this  precipitate,  contains  a  substance  which  reduces 
an  alkaline  cupric  solution.  Dulcite  yields  the  same  products  together 
with  racemic  acid  (p.  886);  the  formation  of  the  latter  was  not 
observed  in  the  case  of  melampyrijbe,  probably  because  the  quantity 
operated  on  was  not  sufficient.  (Gilmer.)  —  Melampyrite  heated  in  a 
stream  of  carbonic  acid  with  hydriodic  acid  yields  iodide  of  canrojl 
(hexyl),  together  with  water  and  free  iodine  (Erlenmeyer  &  Wanluyii)L 

C»H"OW  +  llHI  =  C»H"I  +  12H0  +  P». 

One  pt.  dulcite  dissolves  in  81*25  pts.  water  at  15^  ;  1  pt.  mebin- 
pyrite  dissolves  in  29*41  pts.  water  at  16°  (Gilmer);  in  34 -01  pta.  at 
16*5  (E.  &  W.).  Both  bodies  are  but  slightly  soluble  in  ahxkitl 
(Gilmer.) 

Melampyrite  and  dulcite  form,  with  sulphuric  acid,  conjugated  adds, 
the  baryta-salts  of  which  exhibit  similar  properties  (pp.  386,  392). 
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FBDITBD  BT  HABinaOlff  AMD  BOirBi  8T.  UASTO^B  LAHI^  W.CL 


EEPORT 


or 


THE  FOURTEENTH  ANNIVERSARY  MEETING 


or  THB 


CAVENDISH  SOCIETY. 


The  Anniversary  Meeting  of  the  Cavendish  Society  for  the 
year  1861,  was  held  at  the  rooms  of  the  Chemical  Society,  in 
Burlington  House,  on  Friday  the  1st  of  March,  at  three  o^dock 
in  the  afternoon. 

The  Chair  was  taken  by  Thomas  Graham,  Esq.,  F.B.S., 

• 

President,  who  called  upon  the  Secretary  to  read 

THE  REPORT  OP  THE  COUNCIL. 

"  Ik  submitting  the  Annual  Statement  of  their  Proceedings  to 
the  Members  of  the  Cavendish  Society,  the  Council  trust  it  will  be 
found  that  satisfactory  progress  has  been  made  in  carrying  out  the 
object  to  which  their  efforts  have  recently  been  chiefly  directed — of 
completing  at  as  early  a  period  as  possible  the  translation  of  GmeldTs 
'Handbook  of  Chemistry/  The  generally  expressed  opinion  of 
Members,  and  the  decision  of  previous  Councils,  have  been  favourable 
to  the  adoption  of  this  course;  and  the  undiminished  support  afforded 
by  Subscribers  during  the  past  year  has  enabled  the  Council  to 
proceed  in  it  with  as  much  expedition  as  the  rate  of  production  of 
the  Grerman  edition  of  the  work  would  admit.    The  fourteenth 


volume,  comprising  organic  compounds  with  t'wenty  and  twentj- 
two  atoms  of  carbon,  has  just  been  completed,  and  is  now  beisf 
distributed  to  Subscribers  for  the  year  1860.  The  remaining 
portion  of  the  work  will  occupy  two  more  volnmes,  and  ihest  k 
every  reason  to  believe  that  these  will  be  produced  with  the 
regularity  which  has  marked  the  progress  of  the  publication  of  the 
work  for  several  years  past.  The  Members  may,  therefore,  anti- 
cipate the  satisfaction  of  seeing  this — ^their  great — work  brou^t 
to  a  conclusion  in  about  two  years  from  the  present  time.  Arrange- 
ments have  also  been  made  for  the  preparation  of  a  complete  index 
to  the  work,  which  Mr.  Watts  has  undertaken,  and  whidi,  if  the 
Members  continue  to  give  the  requisite  support  to  the  Coundl,  maj 
constitute  a  second  volume  for  the  year  in  which  the  work  is 
finished. 

"  During  the  progress  of  the  translation  of  the  organic  part  of 
the  work,  it  has  been  found  necessary  in  some  of  the  later  volume 
to  introduce  much  new  matter  belonging,  according  to  the  arrange- 
ment adopted,  to  preceding  volumes,  and  resulting  from  investiga- 
tions  made  since  their  publication.  In  volumes  nine,  ten,  twelve, 
and  thirteen  there  are  377  pages  devoted  to  such  additional  matter, 
forming  appendices  to  those  which  preceded,  and  there  wiU  probablf 
be  a  still  greater  quantity  of  matter  to  be  added  to  the  two 
remaining  volumes  to  bring  even  the  organic  part  of  the  work  up 
to  the  then  existing  state  of  chemical  knowledge.  So  rapid,  indeed, 
is  the  progress  of  discovery  in  this  prolific  department  of  cheniisfiy» 
that  when  the  last  volume  of  Gmelin's  work  has  been  prepared,  h 
is  estimated,  if  the  three  departments  of  inorganic  and  organic 
chemistry  and  chemical  physics  be  included,  that  there  will  he  a 
sufficient  amount  of  new  matter  to  make  a  volume  annually  of  the 
size  of  those  hitherto  issued.  It  will  be  a  question  for  the  con- 
sideration of  the  Members  and  of  future  Councils  whether  the  annual 
publication  of  all  new  matter,  condensed  and  arranged  in  the  way 
in  which  this  was  originally  so  ably  done  by  Leopold  Gmeun,  and 
has  since  been  continued  by  Mr.  Watts,  would  not  constitute  a 
work  to  which  the  Cavendish  Society  might  apply  their  means 
with  advantage.  The  expense  of  preparing  such  a  work  would  bo 
rather  greater  than  that  of  merely  translating,  and  it  could  only  be 
undertaken  in  the  event  of   an  increased  number  of  Subsaibos 


8 

manifesting  a  disposition  to  support  the  Council  in  carrying  out 
this  object  if  it  should  be  thought  desirable. 

"  It  will  be  observed  on  reference  to  the  financial  statements  for 
this  and  previous  years  that  the  income  of  the  Society  has  to  some 
extent  been  derived  from  the  sale  of  books  which  were  issued 
several  years  ago,  and  of  which  more  copies  were  printed  than 
were  required  to  supply  the  Members.  The  arrangements  under 
which  this  distribution  of  the  surplus  copies  of  some  of  the  Society's 
works  has  been  effected,  has  fully  answered  the  purpose  contem- 
plated; a  large  number  of  valuable  scientific  works  have  been 
brought  within  the  reach  of  chemists  who  could  not  otherwise 
have  obtained  them,  and  increased  means  have  been  afforded 
the  Society  for  extending  its  operations  by  the  production  of 
new  books.     With  reference  to  the  early  volumes  of  Omixik's 

*  Chemistry '  the  stock  has  by  this  means  been  greatly  reduced,  so 
that  only  a  limited  number  of  some  of  the  volumes  remain  on  hand, 
and  for  some  time  past  there  has  been  none  of  the  first  volume 
left  The  Council  are  happy  to  say  that  they  have  made  an 
advantageous  arrangement  with  the  printers,  and  the  s^gent, 
Mr.   Harbison,  for  the  reprinting    of    the  first  volume  of   the 

*  Handbook '  without  entailing  any  pecuniary  responsibility  on  the 
Society,  and  Members  or  others  whose  sets  of  the  work  are 
deficient  of  this  volume  may  now  obtain  it  at  59,  Pall  Mall. 
The  re-issue  of  this  volume  also  enables  the  Coimcil  to  make  up  a 
few  complete  sets  from  Vol.  1  to  Vol.  12  inclusive,  which  will  be 
supplied  for  six  guineas,  the  previously  existing  arrangement  for 
the  disposal  of  sets  from  Vol.  2  to  Vol.  6  being  now  cancelled. 
Separate  volumes,  however,  from  Vol.  4  upwards,  may  be  obtained, 
as  there  are  found  to  be  several  such  left  after  making  up  as  many 
complete  sets  as  the  early  volumes  on  hand  would  admit  of." 
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It  was  resolved — 
''That  the  Report  just  read  be  receiyed,  approved,  and  adopted.** 

The  Meeting  then  proceeded  to  the  election  of  Officers  for  the 
ensuing  year,  and  the  following  Gentlemen  were  declared  to  have 
been  duly  elected : — 

^rarctrmt. 

Thoicab  Graham,  FJUS. 

fPice'Prejfdretttt* 


Pbovbssos  BsAims,  F.R.S. 
Waltbb  Crum,  F.R.S. 
John  Davy,  M.D.,  F.R.S. 
ChablbsG.B*.Daubbny,  M.D.,  F.R.S. 
The  Duxb  ov  Detonbhibe,  F.R.S. 
Michael  Fabapat,  D.C.L.,  F.R.S. 
Jomr  Gbahav,  F.C.S. 


A.  W.    HoncAHK,  Ph.  D.,  LL.D., 

F.R.S. 
HEifBT  Beaitkovt  Lexson,  M.D., 

F.R.S. 
W.  A.  MiLLEB,  M.D.,  F.R.S. 

ROBEBT  POBBBTT,   F.R.S. 

William  Shabpey,  M.D.,  P.R.8. 


C0until. 


G.  B.  BucKTOW,  F.R.S. 

DvoALD  Campbell,  F.C.S. 

P.  J.  Chabot,  M.A.,  F.R.A.S.,  F.C.S. 

W.  Feboubon,  Esq. 

£.  Fbavklaiti),  Ph.D.,  F.R.S. 

J.  H.  Qilbebt,  Ph.©.,  FJB.S. 

Daiqbl  Hanbvry,  F.L.S. 

Chableb  Hbisch,  F.CS. 


A.  W.  HoTMAm,  LL.D.,  F.R.S. 
N.  S.  Maskelyee,  F.C.S. 
Tbeitham  Reeks,  Esq. 
Alfbed  Smee,  F.R.S. 
J.  Dekham  Smith,  F.CS. 

B.  J).  Thomsov,  M.D.,  F.R.S. 
A.  W.  Williamson,  Ph.D.  P.R.S. 
Colonel  Philip  Tobe:e,  F.R.S. 

George  Dixok  Longstaef,  M.D.,  9,  Upper  Thames  Street. 

i^ecretsrs* 

Thbophilus  Redwood,  Ph.  D.,  19,  Montague  Street^  Rtwell  Square. 


Collector. 

Mb.  Thomas  West,  Burlington  Hoose,  Piccadilly,  W. 

Outfit  fax  t^e  fiUrtrfibttttoti  of  3Boo&jf ,  ^c 

He.  F.  Habbzson,  69,  Paui  Mall,  S.W. 

It  was  resolved — 

"That  Drs.  De  la  Rus,  Odliko,  and  STENHOtrss  be 
appointed  Auditors  for  the  ensuing  year." 

The  following  Resolutions  were  unanimously  adopted:-— 

''That  the  thanks  of  the  Meeting  be  given  to  the  Pbb- 
siDENT,  CoTTNCiL,  and  Officebs,  for  their  services  to  the 
Society." 

**  That  the  thanks  of  the  Meeting  be  g^ven  to  the  Hokoeaet 
Local  Seci^taeies  for  their  services  to  the  Society." 

"  That  the  thanks  of  the  Meeting  be  given  to  the  Chemical 
Society  for  the- use  of  their  rooms." 

THEOPHILUS  REDWOOD,  Secbetabt. 
19,  Montague  St.,  Russell  Square,  &  17,  Bloomsbury  Square. 

IfABOH,  1861. 


OBJECTS,  &c.,  OF  THE  CAVENDISH  SOCIETY. 


The  GaTendisk  Society  was  inMituted  for  the  promotion  d 
Chemistry  and  its  allied  sciences,  by  the  diffiision  of  the  literatoe 
of  these  subjects. 

The  subscription,  constituting  membership,  is  one  guioea  s-jcct 
to  be  paid  in  advance ;  and  the  subscription  becomes  due  on  ^ 
1st  of  January  of  each  year.  A  member  is  entitled  toacqiyof 
every  book  published  by  the  Society  for  the  year  for  whicb  he  ha 
subscribed,  but  no  member  can  receive  the  Society's  puUicatioBs 
until  his  subscription  has  been  duly  paid. 


WORKS  OF  THE  CAVENDISH  SOCIETY. 

1848. 
1.— CHEMICAL  REPORTS   AND   MEMOIRS.     Edited  by  Thowi 

Graham,  F.R.8.    (Out  of  Print.) 
2.— HAND-BOOK  OF  CHEMISTRY.     By  Lbopou)  GMELnr.    Tn* 

kted  by  Hekbt  Waits,  B.A.,  F.C.S.    VoL  I. 

1849. 

3.— HAND-BOOK  OF  CHEMISTRY.    By  Lbopoid  GMLnr.  VoL  H 
4.— HAND-BOOK  OF  CHEMISTRY.    By  Leopold  Giimir.    Vol  HI 
6.— THE    LIFE   AND    WORKS   OF  CAVENDISH.   ByDr.G»Ba 
Wilson. 

1860. 
6.— HAND-BOOK  OF  CHEMISTRY.    ByLsopoLD  Gmlis.   VoLIJ. 
7.— HAND-BOOK  OF  CHEMISTRY.    By  Leopold  Gmbldt.   VoL  T. 

1861. 
8.— PHYSIOLOGICAL    CHEMISTRY.      By    Pbopbsbok    Lihias* 
Translated  by  Geobgs  E.  Dat,  M.D.,  F.R.&    VoL  L  {Oat« 

9.— HAND-BOOK  OF  CHEMISTRY.    By  Lbopoli)  GmLnr.   Vol  n 

1862. 
10.— HAND-BOOK  OF  CHEMISTRY.    By  Leopold  Gmehk.  Vol  HI 

(Organic  Chemistry,  Vo).  I.)  ^ 

11.— PHYSIOLOGICAL  CHEMISTRY.  ByPROFESsoB  Lbhiohh^JjI^ 
12.— ATLAS  OF  PLATES  belatiko  to  PHYSIOLOGICAL  CBSm 

TRY.    By  Db.  Otto  Fufkb. 

(Supplement  to  Lbhuakk's  Phtsiolooioal  Cheiobtbt.} 

1863. 
13.— HAND-BOOK  OF  CHEMISTRY.  By  Leopold  Gmblw.  VoLYID- 

(Organic  Chemistry,  Vol.  II.)  « 

14— ELEMENTS  OF  CHEMICAL  AND  PHYSICAL  GEOLOGY.  ^ 

Pbofbbsob  Bisohof.    Vol.  I. 

1864. 
16.— THE  LIFE  AND  SCIENTIFIC  RESEARCHES  OF  DALTO^- 

By  Db.  W.  C.  Henby,  F.R.S. 
16.-.PHYSI0L0GICAL   CHEMISTRY.      By    Pbofbssob   UsMi^' 

VoL  IIL 
17.— LAURENT'S  CHEMICAL  METHOD.   TransUted  by  Wx.  Ooi^ 

M.B. 


